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INTRODUCTION 
INTRODUCTION 
1.1 GENERAL ACCOUNT 
Nature provides every species with the potential to develop 
many different characteristics for example, the height of a plant, its 
yield, its susceptibility or resistance to disease. All of these 
possibilities are written into plant's blueprint, its genome, but only 
few are expressed. Over a long period of time a plant can adapt 
itself to different conditions through the process of spontaneous 
mutation and natural selection. According to "Pierre Lagoda" 
(2008) Head of the lAEA/FAO Joint division of plant breeding & 
genetics "Spontaneous mutations are the 'natural' mortar of the 
evolution, without mutations there would be no wheat, no rice, no 
maize or any other crop. 
Hugo de Vries (1900) introduced the term 'mutation'. Mutation 
is a sudden heritable change in a characteristic of an organism. A 
mutation may be the result of a change in a gene, a change in a 
chromosome that involves several genes or change in plasma genes 
(chloroplast or mitochondrial genome). Such a change in the base 
sequence of DNA leads to the plant with altered characters called 
mutants. Depending upon the type of effect on characters, the 
mutations are classified to be macro- or micro-mutations. Macro-
mutations result into easily identifiable characters whereas micro-
mutations cause small changes that can only be detected from 
groups of the plants especially through blometrical analysis. The 
occurrence of the mutation in germ cells that participate in 
fertilization is transmitted to the progeny, whereas mutation in 
somatic cell called the somatic mutation is restricted to the 
individual or the tissue, in which it arises. Mutations produced by 
changes in the base sequences of genes (as a result of base pair 
transition or transversion, deletion, duplication, or inversion, etc.) 
are known as gene or point mutations. Some mutations may be 
produced by changes in chromosome structure, or even in 
chromosome number; they are termed as chromosomal mutations. 
Mutations occur in natural populations at very low rate; called 
as spontaneous mutations. Mutations may be artificially induced by 
the treatment with certain physical (X-rays, gamma-rays, fast 
neutrons and ultraviolet radiations etc.) and chemical agents (EMS, 
MMS, DES, and Hz, and 5-BU etc.) Such mutations are known as 
induced mutations and the agents use for producing them are 
termed as mutagens. Mutagenic action of X-rays was discovered by 
Muller (1927) in Drosophilla and gamma-rays and X-rays by Stadler 
(1928) in barley {H. vulgare) and maiz (Z. mays). Muller was 
awarded Nobel Prize in 1946 in recognition of his work. 
1.2 Mutagenesis 
Mutagenesis is described as the exposure of the biological 
material to the mutagen i.e., a physical or a chemical agent that 
raises the frequency of mutations above the spontaneous rate 
-:2:-
(Kodym and Afza 2003). Physical and chemical mutagens have been 
successfully used In plant breeding programs to artificially generate 
the genetic variation for the development of new varieties with 
improved traits such as increased yield, earliness, reduced plant 
height, and resistance to disease (Maluszynski, 2001). However, an 
efficient genetic improvement of a cultivar depends on the 
knowledge of mode of gene action, genetic variability, and the 
inter-relationship among important plant characters (Kumar and 
Rai, 2007). 
Induced mutations simply accelerate the natural process of 
spontaneous changes occurring in plants. Exposure to radiation 
changes the plant's blueprint at one position in the genetic code, 
creating variant that is different from the parent plant. Huge 
numbers of mutants are produced in the search for desired traits, 
perhaps a resistance to certain diseases or pests, an ability to thrive 
in saline soil or drought conditions. Mutagenesis is the most 
important method of inducing alterations by mutagens in a 
genotype to enlarge the variability in a shortest possible time and 
provide good scope for the selection. Induced mutations are 
playing a major role in basic studies especially for the elucidation of 
biochemical and plant developmental pathway (Chopra 2005). 
"Induced mutation is an important part of the solution of world's 
food crises. It is a very efficient tool to the global agriculture 
community to broaden the adaptability of the crops in the face of 
-:3:-
climatic change, raising prices and soils that lack fertility or have 
other nnajor problems," says Pierre Logoda (2008). 
However, out of all possible mutations, the useless mutations 
are outnumber than those having significant and beneficial effects. 
In some cases, useless changes in the DNA may have the significant 
outcome as well. However, genome of most living beings especially 
plants has the self repairing phenomenon, which actually corrects 
these harmful mutations during the process of DNA replication. 
Detection of DNA damage in the DNA template or incorrect base 
pairing or coping are few reasons of unwanted mutations and can 
be detected through this mechanism (Tah 2006). Hence, 
conventional methods of mutation breeding remain much 
acceptable means of crop improvement as such the basic advantage 
of traditional method of mutagenesis is that it can give rise to 
various modifications in the traits and also can give rise to different 
mutant alleles, which should help in an unbiased natural selection 
1.3 Mutation breeding in India: 
Mutagenesis work in India started in 1930 on a small scale but 
received considerable attention during late 1950s and 1960s. In 
India mutation breeding work is being pursued at several 
universities and research institutes, notably, at Indian agriculture 
research institute (lARI) New Delhi, Bhaba Atomic Research Centre 
(BARC) Mumbai, Tamil Nadu Agriculture University (TNAU), 
Coimbatore, National Botanical Research Institute (NBRI), Lucknow. 
-•A:-
While reviewing the economic impact of mutant varieties in India, 
had put the number of mutant varieties developed at 205 up to 
1990. By 2004 this list has grown to 313. The mutant varieties 
released include cereals, grain legumes, oil seeds, fiber crops, 
vegetables and ornamentals. The success story of mutation 
breeding in ornamentals and horticultural crops in India is 
particularly Impressive. 69 mutants varies of cereals crops have 
been released for the cultivation in India 
Table 1: Number of released mutant varieties of cereals in 
India. 
Botanical name 
Hordium vulgare L 
Oryza sativa L 
Pennisetum typhoides L 
Sorghum bicolor L 
Triticum aestivum L 
Saccharum officinarum L 
Source :Current Science 
Common By name 
Barley 
Rice 
Pearl millet 
Sorghum 
Wheet 
Sugarcane 
Chopra 2005) 
Number of varieties 
13 
41 
5 
3 
4 
' 
1.4 Description of Hordeum vulgare : 
Barley (2n=14) is an annual cereal grass of the genus 
Hordeum and In particular the species Hordeum vulgare. It is a 
member of the grass family, Poaceae, one of the largest and most 
Important plant families, which also Includes wheat, rice, and sugar 
cane. Barley {Hordeum vulgare L.) ranks fourth among the cereals 
in worldwide production and an important crop for direct human 
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consumption and for animal feed. It is a major source of food for 
large population of cool and semi-arid areas of the world, where 
wheat and other cereals are less adapted. In European countries, It 
is used as the only breakfast food, whereas the people of Nepal, 
Tibet and Bhutan use it as a staple food. 
1.4.1 Origin and History: 
Barley was one of the first domesticated cereals, most likely 
originating In the Fertile Crescent area of the Near East. Many 
references to barley and beer are found in early Egyptian and 
Sumerian writings that are more than 5000 years old. 
Archaeological evidence of barley cultivation has been found dating 
back to 8000 BC in Iran. There is now considerable evidence that 
the initial cultivation of barley in China and India occurred at a later 
date. Barley has probably originated from Asia and Ethiopia with 
centres of diversity i.e. north-east Africa and Mountainous regions 
of Abyssinia and south-east Asia, China, Japan and adjoining 
regions of Tibet. Barley must have been introduced to India soon 
after the arrival of the Aryans. Its Sanskrit name 'Yav' is mentioned 
in 'Ved', and use of barley in religious ceremonies has been 
described which shows that It was grown in India since ancient 
time. Since wheat was very expensive and not widely available in 
the Middle Ages, many Europeans at that time made bread from a 
combination of barley and rye. In the 16^^  century, the Spanish 
introduced barley to South America, while the English and Dutch 
-:6:-
settlers of the 17^^  century brought it with them to the United 
States. Today, the largest commercial producers of barley are 
Canada, the United States, the Russian Federation, Germany, 
France and Spain. 
1.4.2 Area, Production, and productivity: 
Barley is one of the major cereals of the world cultivated over 
57.62 million hectare of land with a total production of 154 million 
tonnes in 2004. Russia, China, France, Canada, USA and Spain are 
the main producers of barley. The area (million hectares), 
production (million tonnes) and productivity of barley in major 
countries are given in Table-2 
Barley is also one of the important cereals of India. The chief 
barley-growing regions in the country are Himalayas, central part of 
eastern Uttar Pradesh, eastern parts of Rajasthan and north-
western part of north Bihar. In India barley is cultivated on about 
0.75 million ha with a total production of 1.37 million tonnes. The 
area, production and productivity of barley in major states of India 
are given in Table -3 
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Table2: Area, production and productivity of barley in major 
producing countries of the world 
Country/region Area Yield Production 
(million hectares') (metric tonnes/hectares) (million metric tonnes) 
USA 
2007/08 2008/09 2007/08 2008/09 
1.42 1.45 3.25 3.52 
2007/08 2008/09 
4.61 5.12 
Russian 
Federatioion 
Germany 
France 
U.K. 
Denmark 
Sweden 
9.8 
1.93 
1.7 
0.90 
9.6 1.6 
1.96 5.42 
1.75 5.57 
0.99 5.66 
0.63 0.65 4.91 
0.32 0.33 4.48 
1.8 
6.05 
6.26 
5.86 
5.00 
4.15 
15.65 17.50 
10.48 
9.46 
5.08 
3.09 
1.44 
11.85 
10.96 
5.80 
3.25 
1.35 
Italy 0.34 0.30 3.53 3.9 1.20 1.15 
Turkey 
China 
3.60 3.4 1.81 
0.95 0.96 3.35 
1.82 
3.33 
6.50 
3.19 
6.20 
3.20 
Iran 
India 
1.70 1.30 1.76 
0.77 0.75 1.73 
1.54 
1.87 
3.0 
1.33 
2.00 
1.40 
Iraq 1.44 0.50 0.74 0.90 1.06 0.45 
Others 0.38 5.75 2.03 2.29 12.96 13.17 
Source: Foreign Agricultural Service /USDA Office of Global Analysis 2008 
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Table B.Area^ production and productivity of barley in 
important states of India (2004-05) 
State 
Bihar 
Chhattisgarh 
Haryana 
Himachal 
Pradesh 
Jammu 
&Kashmir 
Jharkhand 
Madhya 
Pradesh 
Maharashtra 
Punjab 
Rajasthan 
Uttarakhand 
Uttar Pradesh 
West Bengal 
Area 
(million 
hectares) 
17.3 
3.8 
25.0 
24.0 
11.0 
12.9 
83.2 
4.3 
22.0 
175.5 
24.0 
205.4 
2.4 
Production 
(million 
tonnes) 
18.3 
3.2 
67.0 
42.0 
10.0 
11.7 
104.1 
1.7 
74.0 
417.7 
33.0 
411.7 
4.0 
Productivity 
Kg/hectare 
1058 
842 
2680 
1750 
909 
907 
1251 
395 
3364 
2380 
1375 
2004 
1667 
Source: Fertilizer Association of India, 2006 
-:9: 
1.4.3 Botanical Descruption. 
i) Classification: 
Kingdom - Plantae 
Division - Phanerogames 
Class Monocotyledon 
Order- Poales 
Family- Poaceae 
Genus- Hordium 
Species- vulgare 
The genus Hordeum has about 350 species, of which 32 are wild 
and cultivated. 
Based on fertility status and arrangement of 3 spikelets on 
rachis, barley is classified into 3 types. 
Two rowed barley {Hordeum vulgare var. distichon): In this, 
the central spikelets are fertile, while lateral spikelets are sterile. 
Thus when spike is viewed from top or bottom, the spikelet 
arrangement appears to be in two columns. Each spike produces 
15-30 kernels. 
Six rowed barley {Hordeum vulgare var. hexastichon): In this, 
all 3 spikelets are fertile and each spike produces 25-60 kernels. 
Irregular barley {Hordeum irregulare L.): In this, the central 
spikelets are fertile with some fertile and sterile lateral florets. 
-:10:-
u)Taxonomy 
Barley has all the vegetative characters like wheat .Barley 
possesses of shallow and deep roots. The shallow roots emerge 
near the soil surface whereas deep roots extend downwards into 
deep layers of soil. The cylindrical stem possesses 5-7 hollow 
internodes separated by solid nodes from where the leaves arise. 
Internodes are shorter at the base of the plant, and the length 
increases from the base of the stem to upwards. The usual number 
of tiller/plant varies from 2 to 5. Each leaf consists of leaf sheath, 
blade, ligule and auricle. The leaves of barley are usually broader 
and of the lighter green colour than wheat. Two-row barleys have 
narrower leaves than 6 row barleys. The infloresce is spike. The 
spike at the top of the culm consists of spikelets attached at the 
nodes of a zig-zag rachis. Each spikelet has 2 glumes and a floret. 
The barley flower has 3 stamens and a pistil with a single ovule and 
a stigma. Barley is a normally self-pollinated crop. Barley grain is a 
'caryopsis'. The caryopsis is composed of the pericarp, endosperms 
and embryo. Caryopsis is about 8-12 mm long, 3-4 mm wide and 2-
3 mm thick. The grains normally consist of hull except that of naked 
cultivar which becomes free after threshing. Spikelets may be 
awnless or hooded, awned or beared all these species of barley are 
under cultivation. 
-:11: 
1.4.4 Composition 
The composition of barley( % ) 
Water 15% 
Nitrogenous 
compounds 
Gum 
Sugar 
Starch 
12.981% 
6.744% 
3.2% 
59.95% 
Fat 2.17% 
Nutritional anaiisis (Jood and Kaira 2001) 
Per 1 Cup 
Barley 
Calories 
Protein 
Fat 
Cholesterol 
Carbohydrate 
Total Dietary 
Calcium 
Iron 
Magnesium 
Phosphorus 
Potassium 
Sodium 
Zinc - 1.2 mg 
mg 
Cooked 
193 
-
-
-
Fiber 
-
35 
85 
-146 
5 
Copper 
Pearl 
J 
3.5g 
0.7g 
0 
44g 
- 6g 
17mg 
2mg 
mg 
mg 
mg 
mg 
- 0.16 
Manganese 
Selenium 
Vitamin 
Thiamin 
Riboflavin 
Niacin 
Pantothenic 
mg 
Vitamin Be 
Folate 
Vitamin 
Vitamin A 
Vitamin E 
Vitamin K -
- 0.4 
- 13.5 
C 
0.13 
- 0.09 
3.23 
Acid -
- 0.18 
25 
Bl2 
- 11 
- 0.01 
1.25mcg 
mg 
mg 
0 
mg 
mg 
mg 
0.21 
mg 
mg 
0 
lu 
mg 
Barley: a nutritional powerhouse, (Bansal eta/. 1977) 
As cereal grains go, barley is a winner when it comes to good 
nutrition. This centuries-old grain is packed with fiber, contains 
important vitamins and minerals, and is slim on fat, and like all 
plant products, cholesterol-free. 
-:12: 
i) Fiber: Barley is a great source of dietary fiber and actually 
contains of both soluble and insoluble fibers. Soluble fibers 
are effective in lowering blood cholesterol and can reduce the 
risk of heart disease. Soluble fibers are also beneficial in 
slowing the absorption of sugar and reducing the risk for 
developing type 2 or non-insulin-dependent 
diabetes. Insoluble fibers may also help in lower the risk of 
colon cancer. 
li) Cholesteroi and fat : Like all plant foods, barley is naturally 
cholesterol-free and low in fat [*Source: USDA Nutrient 
Database for Standard Reference 13 (November 1999)] 
iii) Vitamins and minerals: Barley contains several vitamins 
and minerals including niacin (Vitamin B3), thiamine (Vitamin 
Bi), selenium, iron, magnesium, zinc, phosphorus and copper. 
iv) Antioxidants: Barley contains antioxidants which are also 
important for maintaining good health specifically; 
antioxidants work to slow down the rate of oxidative damage 
by gathering up free radicals which are formed when body 
cells use oxygen. 
v) Phytochemicals: Barley contains phytochemicals, which are 
natural plant-based chemicals. Studies Indicate that 
phytochemicals may decrease the risk for certain diseases 
such as heart disease, diabetes and cancer. 
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1.4.5 USES: 
i) General Uses: 
Barley is an important crop for direct human consumption and 
for animal feed. It is unique as a source of malt for beer and other 
products. In European countries; it is used as the only breakfast 
food, whereas the people of Nepal, Tibet and Bhutan use it as a 
staple food. The most important uses of barley in India include 
green feed to livestock and poultry, as malt for manufacture of beer 
and other liquors like brandy, whisky etc. Sometimes barley is 
mixed with wheat or gram and then ground to flour for preparing 
better quality chapaties. Grains are roasted and ground to use it as 
'sattu'. Barley is used for manufacturing of liquors in western 
countries. Certain barley varieties, called malting barleys are 
developed specifically to possess the chemical properties desirable 
for malting. In beer production, barley is first converted to malt 
which is a better substrate for brewing and is essentially a process 
of truncated seed germination. This barley malt provides the sugars 
and amino acids for yeast growth, and the yeast converts the 
sugars to ethyl alcohol in the fermentation process. Non-alcoholic 
drinks such as barley water and mugicha are also made from 
barley. Barely is also used in soups and stews, particularly in 
Eastern Europe. Barley must have its fibrous outer hull removed 
before it can be eaten. Barley grains with their hulls are called 
covered barley. Once the grain has had the inedible hull removed, 
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it is called hulled barley. Hulled barley Is considered a whole grain, 
and is a popular health food. Pearled barley is hulled barley which 
has been processed further to remove the bran. It may be polished, 
a process known as "pearling." Pearled barley can come in three 
sizes: coarse, medium, and fine. It is good in soups and stews, and 
when mixed with water and lemon it can be used to make barley 
water, an old-fashioned drink given to the sick (Herbst, 2001). 
ii) Uses for Health Benefits 
Health and nutrition professionals recommend eating 20 to 35 
grams of dietary fiber (including both soluble and insoluble) every 
day. To do that, the USDA 2005 Dietary Guidelines recommend 
eating plenty of grains, fruits and vegetables, which are considered 
excellent sources for fibers. Bariey is an excellent choice when it 
comes to adding both soluble and insoluble fibers to the diet. Our 
favourite grain compares favourably to other grains in total dietary 
fiber content. 
I ) Barley lowers cholesterol: Now, data from human clinical 
trials bolster past findings and show a significant correlation 
between bariey consumption and cholesterol reduction. Bariey's 
dietary fiber is high in beta glucan, which helps to lower cholesterol 
by binding to bile acids and removing them from the body via the 
feces. Bile acids are compounds used to digest fat that are 
manufactured by the liver from cholesterol. When they are excreted 
along with bariey's fiber, the liver must manufacture new bile acids 
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and uses up more cholesterol, thus lowering the amount of 
cholesterol in circulation. Soluble fibers may also reduce the amount 
of cholesterol manufactured by the liver. (.,Bahall et al 2004) 
I I ) Significant Cardiovascular Benefits: In addition to its fibers, 
barley is also a good source of niacin, a B vitamin that provides 
numerous protective actions against cardiovascular risk factors. 
Niacin can help reduce total cholesterol and lipoprotein (a) levels. 
(Lipoprotein (a) is a molecule composed of protein and fat that Is 
found in blood plasma and is very similar to LDL cholesterol, but is 
even more dangerous as it has an additional molecule of adhesive 
protein called apolioprotein (a), which renders Lp(a) more capable 
of attaching to blood vessel walls. (Anderson et al., 2000) 
I I I ) Barley and Other Whole Grains Substantially Lower Risk 
of Type 2 Diabetes: Barley and other whole grains are a rich 
source of magnesium, a mineral that acts as a co-factor for more 
than 300 enzymes, including enzymes involved in the body's use of 
glucose and insulin secretion. (Van Dam et. al, 2006) 
IV) Barley Can Help Prevent Gallstones: Eating foods high in 
insoluble fiber, such as barley, can help women avoid gallstones, 
shows a study published in the American Journal of 
Gastroenterology. 
V) Promote Optimal Health with Barley's Fiber and Selenium: 
For people worried about colon cancer risk, barley packs a double 
punch by providing the fiber needed to minimize the amount of time 
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cancer-causing substances spend in contact with colon cells, plus 
being a very good source of selenium, which has been shown to 
reduce the risk of colon cancer significantly. 
VI ) Barley's Copper Can Benefit Arthritis Sufferers: Copper, 
another trace mineral supplied by barley, may also be helpful in 
reducing the symptoms of rheumatoid arthritis. Copper Is an 
essential cofactor of a key oxidative enzyme called superoxide 
dismutase, which provides the ground substance and flexibility in 
blood vessels, bones and joints. 
V I I ) Development and Repair of Body Tissue: The phosphorus 
provided by barley plays a role in the structure of every cell in the 
body. In addition to its role in forming the mineral matrix of bone, 
phosphorus is an essential component of numerous other life-critical 
compounds including adenosine tri-phosphate or ATP, the molecule 
that is the energy currency of the body. 
1.4.6 The Barley genome: 
The genetic system of barley is a self pollinating diploid with 
2n=2x=14 chromosomes (Bothmer 1992). The barley 
chromosomes are homologues to those of cultivated wheat, which is 
polyploid, and inbreeding and of rye which is diploid and out 
breeding (Hon et al. 2003). The genome of barley is a model 
genome system for poaceae species because it is a self fertile 
diploid genetic system that has advantage for studies of phenotypic 
expression of gene and a development of homozygous material. 
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Genome of barley is approximately 5x10^ bp in size (Yu et al., 2000) 
per haploid nucleus. The mutagenic sensitivity of barley can easily 
be studied by cytological observations because of its large size and 
small number of chromosome. 
1.4.7 Reasons for using barley: 
• It is fourth largest crop in the world, grown virtually 
everywhere. 
• It has smaller number of chromosomes. 
• Homologous lethal mutants can be studied as seedling due to 
large seed reserves. 
• It is diploid and naturally self pollinating which makes genetics 
simpler and facilitates the Isolation of induced mutants. 
• Easy to sample various tissue and get enough materials for 
analysis. 
1.5 OBJECTIVES 
Today, food shortages and sky-rocketing prices are pushing 
million of people deeper into the poverty and hunger cycle. As a 
result social unrest and food protests some violent, have flared in 
countries around the globe. Nature provides every species with the 
potential to develop many different characteristics for example- the 
height of a plant, its yield, its susceptibilities or resistance to 
diseases. All of these possibilities are written in a plant genome but 
only few are expressed. So, induced mutation is an important part 
of the solution to the worid's food crisis. Mutation breeding is much 
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shortcut technique, mainly based on conventional breeding 
approach, brings novel and high yielding genotypes through 
heritable changes in genotype and phenotype of a particular trait. 
Induced mutagenesis has been employed to create genetic 
variability, the base of crop improvement. Genetic variation among 
genotypes and relationship between major yield contributing 
traits/characters is of vital importance to the breeding programs 
that aim to produce important cultivars In crop like barley. In the 
present studies, an attempt has been made to explore the 
possibilities of inducing alterations in the genotype to enhance 
genetic variability and increase the yield potential of Hordium 
vulgare L. through the use of chemical mutagens. 
The main objectives of the present study are given below: 
• To study the effect of chemical mutagens (EMS and HZ) on 
various biological parameters in Mi generation 
• To study the meiotic behaviour of chromosomes after the 
treatment of EMS and HZ in Mi generation 
• To study the effect of chemical mutagens EMS and Hz on 
quantitative characters in Mi generation 
• To compare the mutagenic sensitivities on genotype of two 
varieties i.e. K-508 and RD-2052 of barley. 
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REVIEW OF LITERATURE 
MATERIALS AND METHODS 
REVIEW OF LITERATURE 
This chapter deals with earlier investigations on genus Hordium 
and other related crops with respect to cytology, genetics and nnutation 
breeding. A sun/ey of literature indicates that EMS and Hz are very 
effective mutagens and has been used to induced genetic variability in 
a number of crop plants 
Hugo de Vries (1900) used the term 'mutation- to describe 
phenotypic changes which were heritable. The scientific study of 
mutation started in 1910 when T.H. Morgan started his work on fruit fly. 
The mutagenic effect of X-rays was demonstrated for the first time by 
HJ. Muller (1927) in Drosophila and by L.J. Stadler (1928) in bariey. 
Ultraviolet radiation was discovered by Altenburg (1930) while treating 
Drosophila eggs. Discovery of the mutagenic effect of the large variety 
of chemicals many with the specific effect on DNA provided the tools 
needed to work out many of the detail of mutation processes at the 
molecular level. Hundreds of chemicals are now known to have from 
slight to very large mutagenic effect. 
2.1 Mutagenic sensitivity: 
Aurbach, and her associate (1946) first discovered the mutagenic 
effect of mustard gas and related compound during World War II . 
During the last 3-4 decades EMS has been most extensively used for 
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inducing mutation in microbes, higher plants and animals (Gupta, P.K., 
1989) 
Mutagens have remarkable potential of improving plants with 
regard to their qualitative and quantitative characters, where 
appropriate selection has been applied, improvement in yield (Brock, 
1965; Gregory, 1968), and adaptability (Gustaffson, 1965), maturity 
time (Brock, 1970), disease resistance and numerous other traits 
(Sigurbjornson and Micke, 1969) have been reported. The extent to 
which induced mutations provide a useful alternative to the natural 
variation as a source of germplasm for the improvement of such traits 
is largely determined by the importance of linked groups of genes and 
the degree to which natural selection has build-up linked gene 
complexes of adaptive significance in the naturally occurring population 
Sharma and Sharma (1981a) observed differential mutagenic 
response of gamma rays and NMU in microsperma and macrosperma 
lentils. They observed better viability of chlorophyll mutations like 
xantha and chlorina in the microsperma than in the macrospemria 
varieties 
Gechner and Ehrenberg ,1965. reported the influenee of post-
treatment storage on the frequeney of EMS-indueed chromosomal 
aberrations in bariey 
Ramanna and Natrajan (1965) studied the mutagenic efficiency 
of cert:ain alkylating agents under different treatment conditions of 
temperature and hydrogen ion (pH) concentration in bariey. They 
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concluded that factors such as concentration and diffusion of the 
mutagen, rate of hydrolysis and the influence of alkylating and non-
alkylating groups of the chemical play a considerable role in 
determining the mutagenicity of a compound. 
Shevchenko et al., (1971) studied the interaction between 
chemical mutagens with a delayed effect and metabolites of seeds. 
Ulba|3 et al. (2006) studied the effects of dosages and 
application periods of EDTA on morphological and cytogenetic 
characters of barley {Hordeum vulgare L) seedlings. 
Lundqvist and Lundqvist (1988) isolated 1580 mutants 
affecting the deposition of epicuticular waxes in cultivated barley 
and localized to 79 different cer loci. These mutations were induced 
by various mutagens i.e., ionizing radiations, organic chemicals, and 
the inorganic sodium azide. 
Sheikh et al. (2009) studied on induced mutagenesis for seed 
quality traits in Ethiopian mustard {Brassica cahnata) Mutagenesis 
with 0.5% EMS followed by selfing in Mi and screening for fatty acid 
composition through half seed method in M2 and M3 generations 
lead to the identification of stable M4 progenies having desirable 
fatty acid profile. Increase in oil content to 40.6% was a significant 
achievement of the study as B. carinata germplasm lacks variability 
for this important trait. 
Ramesh and Kumar (2006) reported the response of induced 
dwarf mutants of barley to exogenous application of gibberellic acid. 
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The GRI (gibberellic acid response) value was highest for dwarf 
mutant followed by early maturing mutant with the former being 
highly sensitive to GA3 treatment while the latter was moderately 
sensitive, where as semi-dwarf and chlorina mutants and the 
control were insensitive to exogenous application of GA3. 
2.2 Biological damage 
Chlorophyll mutations are considered as one of the most 
dependable indices for evaluating the genetic effects of different 
mutagens in several crops (Gustaffson, 1951) and are used as 
genetic markers In basic and applied research (Reddy and Gupta, 
1989). Different types of chlorophyll mutations such as albina, 
xantha, viridis, maculata, striata, chlorina etc. have been reported 
in several crops by using physical and chemical mutagens 
(Matsumura, 1962, Swaminathan etal., 1962) 
Similar reduction in seed germination was reported by Awan 
etal. (1980) in rice, Nilan etal. (1976) in barley and Kumar and Rai 
(2007) in maize. 
Kharkwal (1981a) reported mutagenic sensitivity in four 
varieties of chickpea on the basis of total germination rate, seedling 
damage, pollen sterility and plant survival. 
Khan et al., (2005) obtained a broad spectrum of chlorophyll 
mutations in M2 generation by using EMS, SA and HZ in two 
varieties of CIcer arletinum L Lower and moderate concentrations of 
EMS gave higher frequency of chlorophyll mutations whereas no 
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such trend was noticed with other two mutagens. Total chlorophyll 
mutation frequency was found maximum with EMS treatments 
followed by HZ and SA. 'Xantha' followed by 'chlorina' outnumbered 
other types of chlorophyll mutants in both the varieties. The order 
of mutagenic effectiveness was: HZ>SA>EMS in both the varieties. 
Wani and Khan (2004) studied the effect of hydrazine 
hydrate (HZ) on certain biological parameters of lentil. The seeds 
were treated with different concentration, of HZ and observed the 
immediate effect on seed germination pollen fertility and seedling 
height. In general, seed germination pollen fertility and seedling 
height decrease with increasing concentration of HZ. For all the 
three Mi biological parameters under study, var. Pant L-639 was 
found to be more sensitive than variety type-36 to various doses of 
HZ. 
Sharma et al. (2004) studied the effect of different doses of 
gamma rays and ethyl methane sulphonate on meiotic behaviour of 
chickpea. A dose dependent increase in meiotic irregularities and 
sterility was observed at all the individual and combined dose 
treatments. However, combined treatments proved to be more 
efficient. Radiation induced sterility was attributed to cryptic 
deletions and specific gene mutations, while the sterility caused by 
EMS and connbined treatments could be attributed to chromosomal 
aberrations. 
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Kumar and Singh (2003) provided a relative account of 
cytological and developmental effects of gamma rays and Ethyl 
Methane Sulphonate (EMS) on meiotic features and gametic fertility 
in Hordeum vulgare. Studies undertaken in Mi generation on the 
variety K-12 of this species showed that both the physical and 
chemical mutagens produced various kinds of chromosomal 
abnorma\ittes and reduction in pollen and seed fertility. Such effects 
were dose-dependent. However, the percentage of abnormalities 
induced by gamma rays was higher than that induced by EMS 
suggesting that gamma rays could be more effective in inducing 
genetic changes compared to EMS in this crop. 
Rehman and Siddiqui (1998) observed the effect of SA and 
Hydrazine hydrate on germination, pollen fertility, survival, seed fertility 
and other morphological parameters in mungbean var Ps. 16. in Mi 
generation and noted that chlorophyll mutations with a spectrum of 
consisting of albina, chlorina, virescence, viridis and xantha scored in 
M2 generation showed that both mutagens induced chlorophyll deficient 
mutations more efficiently at lower concentrations. 
Kim et al., (^ 1994) studied the chemical mutagenesis and 
characteristics of induced mutants in Korean barley cultivars. The effect 
of chemical mutagens on growth inhibition in Mi generation and 
chlorophyll deficient mutants in M2 generation were studied. 
Prina and Favret (1983) studied the influence of different 
concentrations of sodium azide on its mutagenic effect. Treatment of SA 
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was applied to seeds of the two-row barley varieties. In both genotype 
the highest mutagenic effect was observed in the intermediate 
concentration of azide. The plotted data described a second degree of 
parabole in relation to azide molarities. The parabolic effect was 
presented in both form of the recording and it was found in ovule 
sterility. The result in physiological vitality, chromosome damage and 
sun/ival of Mi mature plant were similar to sljghtly different from those 
of untreated controls. 
Bhatnagar (1984) reported the adverse effects of combined 
treatments on germination and survival of chickpea plants. The pollen 
sterility increased in combined treatments indicating the additive or 
synergetic effect. Reduction in seed germination with the increase in 
dose of gamma rays in chickpea was reported by Khanna (1981, 1991). 
The EMS treatment was found to cause higher sterility than gamma 
rays in chickpea (Khari<wal, 1981b). 
Khatatkar and Bhatia (1975) studied the effect of gamma 
radiation, EMS and their combinations on Mi parameters in bariey. 
Seedling injury, chromosomal aberrations, pollen and seed sterility 
were found less in combined treatments than in the separate 
treatments. Gamma rays were reportied to inhibit the uptake of EMS 
due to the generalized action of radiation on metabolic processes In the 
cell. 
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Singh and Chaturvedi (1980) reported mutagen induced damage 
such as, plant injury and lethality in the Mi generation arising due to 
physiological, chromosomal and factor mutations. 
Swaminathan et al. (1962) treated the seed of diploid and auto 
tetraploid barley and wheat with four different concentrations of EMS. 
They obsen/ed decreased survival, occurrence of chlorophyll deficient 
streaks in the leaves. Varying degrees of seed sterility were among the 
prominent changes observed in Mi generation. They reported that the 
response obtained from EMS treatments may vary from species to 
species; Polyploids may be less affected than diploids, and genes 
located near the centromere were more affected than those found 
further away. EMS induced mutations may hence provide information 
on the location of genes within a chromosome. 
Moh and Smith (1951) analyzed the seedling mutants in barley 
and durum wheat. They studied atomic bomb radiations, X-rays 
induced, and spontaneous seedling mutants. 
2.3 Induction of cytologicai aberrations 
One of the principal objective of using chromosomes as a 
monitoring system is to determine whether or not a particular chemical 
is a dastogen. Mutagen induced chromosomal aberrations have been 
reported by many workers in different plants such as in chilli (Kumar 
and Gupta, 2009; Jabeen and Mirza, 2002), Pea (Kallo, 1972), triticale 
(Pushpalatha etal., 1992), lentil (Reddy and Annadurai, 1992), bariey 
and wheat (Swaminathan et al., 1962; Kumar and Singh 2003), 
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fenugreek (Anis and Wani, 1997) and Capsicum annum (Anis et a!. 
2000). 
Singh (2002b) carried out the cytogenetic studies on induced 
desynaptic nnutant in barley {H. vulgare). Three induced barley 
desnaptic mutants (DM63 DM92 and DM105) showed varying 
frequency of univalents and bivalents at Mi generation. They exhibited 
unequal separation and lagging chromosomes at anaphase-I. Multipolar 
separations and presence of micronuciei in spores were also observed. 
He also studied on marker gene. 
Jahan et al. (1992) studied chaisma frequency and chromosome 
associations at metaphase I of meiosis in sixteen taxa of Hordium. All 
the taxa were diploids except for H. murinum which was teteraploid. 
The diploid taxa showed regular formation of seven bivalents and 
tetraploid showed the occurrence of fourteen bivalents. Chiasma 
frequency per cell at metaphase I varied from (14.96) to (20.08) in 
diploid taxa while it is 35.36 in tetraploid taxon. 
Kumar and Singh (2002) Irradiated bariey seeds with gamma rays. 
A desynaptic plant was observed in Mi generation. The cytological 
studied revealed that desynapsis was medium strong with high 
frequency of univalent at metaphase I along with bivalents which were 
loosely synapsed. Desynaptic plant was highly pollen and seed sterile. 
Thengane (2001) studied mutagenic sensitivity of pre-soaked and 
dried back bariey seeds. The presoaked and dried back seeds were 
treated with EMS. The Mi and M2 data indicated that in all the 
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treatments, the mutation frequency on Mi plant, Mi spike and M2 
seedling basis was significantly higher than those of dry-seed treatment 
but on M2 seedling basis it was less when compared with presoaked-
seed-treatments. Treatments with dried back seeds also induced 
broader chlorophyll mutation spectrum. Mutagenic efficiencies were 
better than dry and presoaked seed treatments. 
Tiwari and Shukia (2005) treated two varieties of bariey i.e. K-
1155 and Lakhan, with different doses of gamma rays and observed 
that the mutation frequency increase gradually up to moderate doses of 
gamma rays and highest frequency rate was found in variety K-1155 
being husk less. Reduced chiasmata frequency per cell was observed 
with mutagens on bariey of both the tested cultivars. Some of the 
plants in mutants population of 40 kR dose of gamma-rays was found 
to be abnonnal aberrations in chromosomal behaviour at metaphase I. 
At anaphase I the chromosomal behaviour in both the cultivars was 
irregular, and showed laggard and delayed separation at higher 
dosages than that of lower dosages. 
Georgieva and Stoilov (2008) assessed the DNA strand breaks 
induced by bleomycine In bariey genome. Experimental conditions were 
adapted to achieve efficient detection of both DNA single and double-
strands breaks. Result displayed rapid restoration of breakage revealing 
that efficient mechanisms for repair of strand discontinuities induced by 
bleomycine are functional in bariey DNA Loop domains. 
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Murata et al. (1984) studied on chromosomal damage induced by 
artificial seed aging in barley. Barley seeds were artificially aged under 
two-storage condition to study the behaviour of induced chromosomal 
aberrations during plant growth. The plants grown from artificially aged 
seeds showed pollen fertility and seed fertility. This was comparable to 
the control values respectively indicating no special effect of seed 
aging. Aberrant anaphase in the progeny from artificially aged seeds 
was not higher than those of control progeny. This indicated that the 
chromosomal aberrations induced by seed aging were not transmitted 
to the next generation. 
Lajju etal. (2003) studied chromosomal variation in two species of 
Hordium. Experiment was conducted for karyomorphological 
investigation in 15 lines of two species of Hordeum. All the lines showed 
a diploid chromosome number 2n = 14. Differences among the 15 
entries were observed regarding the chromosome length, total 
chromotin length and type etc. They concluded that each line had a 
specific chromosomal morphology which might be responsible for the 
variation of Hordium species 
Kumar and Rai (2005) studied EMS induced genetic variability in 
soyabean. The seeds of soyabean were treated with different 
concentrations of EMS for different durations with a view to study its 
efficiency and effectiveness in Inducing chromosomal aberrations and 
morphological variations. A number of chromosomal aberrations were 
observed in treated sets like stickiness, precocious movements 
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laggards, univalents, un-orientation, secondary association, bridges and 
micronuclei etc. There was a progressive increase in chromosomal 
abnormalities with the increase in dose duration. Study revealed that 
EMS was capable of inducing a large number of chromosomal 
abnormalities in soyabean. 
Sree Ramula (1971) studied the effect of ionzing radiations (X-
and gamma rays), chemical mutagens (EMS, MMS, DBS and NED) and 
thair combination treatments on chiasma frequency in the Mi plants of 
three varieties (Co 11, Co 12 and Co 18) of Sorghum (2n=20) raised 
from the treated seeds. All the treatments caused a decrease in 
chiasma frequency as compared to control. There was a marked 
reduction in the number of bivalents with three chiasmata, while the 
number of bivalents with one chiasma increased following mutagenic 
treatments. There were differences in the action of different mutagenic 
agents on one hand and a differential response of the varieties on the 
other. The treatments with chemical mutagens caused a higher 
reduction in chiasma frequency than radiation treatments. 
Datta and Biswas (1985) isolated a bushy mutant with desynaptic 
meiotic behaviour from the Mz population of Nigella sativa L. (black 
cumin) following 2 hours treatment with 0.5% EMS. A single pair of 
recessive genes (bu/bu) was ascribed for bushyness and the mutant 
bred true in the subsequent generations. The bushy mutant was 
characterized by delayed germination, flowering and maturity, high 
frequency of pollen sterility, poor seed setting and desynaptic behaviour 
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of chromosomes, possibly, due to the pleiotropic effect of the mutant 
gene. 
Dixit and Dubey (1986) treated the dry and dormant seeds of 
lentil (Lens cu/inaris Med.) van T-36 with varying concentrations of 
EMS, NMU and DES. Meiotic study revealed a high frequency of 
translocations leading to multivalent associations involving varying 
number of chromosomes in all the plants raised from these treated 
seeds. Meiotic anomalies increased with the increase in concentration 
upto a certain level and there after decreased in all the three mutagenic 
treatments. NMU was more effective followed by EMS and DES. 
Reddy and Annadurai (1992) studied the effect of gamma rays, 
EMS, sodium azide and their combination on various cytological 
parameters in M2 generation in lentil variety PL-639. The mean values 
of quadrivalents, rod blvalents, univalents, fragments, bridges and 
pollen sterility showed increase in mutagenic treated populations, while 
the chlasma frequency was decreased. Combined treatments showed 
additive effect. EMS produced slightly more abnormalities than sodium 
azide. 
Mitra and Bhowmik (1996) reported radio sensitivity in two 
cultivars of black cumin (Nigel/a sativa) after treatments with gamma 
rays and EMS. Mitotic index was found to decrease with increasing dose 
of mutagens, but the mitotic and meiotic abnormalities showed 
increasing trend with mutagen doses. They did not observe the varietal 
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differences with regard to mitotic index as well as cytologicai 
abnormaJities 
Singh et al. (1999) studied the effect of gamma rays, ethyl 
methane sulphonate (EMS) and epichlorhydrin (ECH) on meiosis in 
Vigna radiata cv. PS16. Meiotic studies showed chromosomal 
aberrations like univalents, multivalents, ring chromosomes and 
laggards in treated populations. The frequency of cells showing 
chromosomal aberrations showed a linear increase with doses. EMS 
produced the highest chromosomal aberrations than gamma rays and 
ECH. 
Kumar and Srivastava (2001) noticed cytomixis in plants of 
Plantago ovata Forsk. raised from seeds treated with three different 
treatment durations viz., 3, 5 and 7 hours of 0.5% EMS. Chromosome 
transfer between microsporocytes occurred from the pachytene to 
telophase-II stages of meiosis. Two, three or a series of several cells 
were involved in cytomixis. The number of transferred chromosomes 
ranged from a few to entire complement thereby causing aneuploidy or 
polyploidy in Plantago ovata. 
Kumar and Singh (2002a) isolated two mutants of Hordeum 
vulgare L. {war. K12) during a mutation breeding experiment from EMS 
treated seeds which exhibited exceptionally weak morphology. 
Cytologicai investigations revealed the dominance of a peculiar 
abnormality characterized by stickiness and clumping of chromosomes 
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at all active dividing phases. Pollen fertility and seed setting were 
extremely reduced as compared to control sets. 
Bhat et al. (2006a) carried out the meiotic studies in two 
varieties of Vicia faba L. viz., major and minor after treatments with 
different concentrations of EMS. Different types of meiotic 
abnormalities such as stickiness, univalents, multivalents, un-
orientation of chromosomes, precocious separation of chromosomes 
at metaphase, bridges, laggards and unequal separation of 
chromosomes at anaphase were recorded. The meiotic aberrations 
in both the varieties were dose dependent; however, Vicia faba L 
\/ar. minor showed more chromosomal aberrations as compared to 
Vicia faba L. Var. major at the same treatment. 
Bhat et al. (2006b) studied the relative effects of EMS on 
meiosis and pollen fertility in Vivia faba L. var. minor in Mi 
generation. Meiotic studies revealed various aberrations like 
stickiness, laggards, bridges, precocious separations, disturbed 
polarity, cytomixis and non-synchronisation. Stickiness of 
chromosomes was the most common aberration followed by bridges 
and precocious separation. Among the different stages of meiosis 
the frequency of chromosomal aberrations was maximum at 
metaphase-I stage and showed a linear increase with increase in 
concentration of the mutagen. Pollen sterility was the cumulative 
result of various meiotic aberrations. 
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Gecheff (2008) studied the gamma rays induced pericentric 
inversion in Hordeum vulgare L. He use pericentric inversions as 
morphological markers for identification of barley chromosomes and 
described the morphology of reconstructed chromosomes. 
Kumar and Gupta (2009) induced karyomorphological variations 
in three phenodeviants of Capsicum annuum L. Seeds were treated 
with 0.5% solution of EMS for 3 different durations i.e., 3, 5, and 7 
hours, and genetic segregation was closely observed. Many 
chromosomal anomalies like stickiness, bridges, and multivalents, 
secondary associations, laggards, and precocious movement were 
observed in all 3 durations of treatment. These anomaWes showed a 
dose dependent increase in aberration frequency. The morphological 
parameters showed a decreasing trend along with the increasing doses. 
However, with the 7 h dose 3 morphologically distinct plants were 
isolated, which varied not only from other sib plants but also from 
control plants. These plants were characterized by increases in plant 
height, number of nodes, 100-seed weight, and leaf area, and a 
decrease in the days to maturity. Cytological analysis revealed a 
predominance of bridges and increased frequency of bridges In all 3 
plants. 
2.4 Induced variability for quantitative characters 
Bright et ai C1979) Investigated that. S-(2-aminoethyl)L-cysteine 
(AEC) inhibited the growth of mature barley embryos grown on sterile 
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medium. This inhibition is relieved by lysine and, to a lesser extent, 
arginine and ornithine. 
Sakin et al. (2005) determined some yield and qualitative 
characters of mutants induced from durum wheat cuJtivars. 
Caldwell etal (2004) studied EMS induced mutant population of 
barley (Hordium vulgare L.) optic has been developed to promote both 
forward and reverse genetics of barley crop. 
Din et a/.,(2004) observed significant decrease in germination 
percentage of all the wheat genotypes with an increase in the 
radiation intensity. The lowest germination percentage was 
recorded with at highest dose of gamma rays and the highest 
germination percentage was recorded in control. The difference In 
the mean value of controi and 15 kR dose of radiation was non-
significant, but they differed significantly from 25, 35, and 45 kR 
doses of radiation. The average plant height was also significantly 
decreased with various doses of gamma radiation In all the five 
genotypes. The maximum reduction (23.63%) In plant height was 
recorded with 45 kR as compared to control. Also observed 
significant reduction in number of tillers plant. 
Sharma et al f2004) Investigated the genetic architecture of yield 
and Its associated traits In six row barley {Hordeum vulgare). Genetic 
analysis was undertaken In 10 x 10 half parental diallel progeny (Fi and 
F2) for yield and Its associated traits under three varying environmental 
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conditions in barley. Genotype x environmental Interaction was found 
significant for character in both Fi and F2 generations. 
Sreekrishna (2006) treated the seeds of Amaranthus paniculatus 
with EMS as a chemical nmutagen and obsen/ed its influence at cellular 
level and found stickiness, bridge, laggards and fragments. 
Khan et al. (2004) treated the seeds of two varieties of Cicer 
ahetinum L. with EMS, HZ and SA and found a broad spectrum of 
morphological mutation in M2 generation. The extended variability 
among these mutations was analyzed in tenri of mutation frequency. 
The frequency of these mutations varied depending on variety and 
mutagen. EMS induced wider frequency and spectrum of mutation as 
followed by HZ and SA. Variety Avrodhi produced maximum frequency 
of leaf mutants whereas var-BG-256 gave maximum frequency of seed 
mutations. 
Solanki (2005) isolated twelve kinds of morphological mutations 
showing changes in growth habit (compact, bushy, prostrate), foliage 
(narrow, broad, rogue, tendrillar), plant height (tall, dwarf), maturity 
and flowering behaviour (eariy, late, sterile) in lentil by EMS and SA 
treatments. The mutations for growth habit and foliage were induced 
with higher frequency by EMS, whereas, those for plant height and 
maturity and flowering behaviour were induced with higher frequency 
by SA on the basis of sterility. It was reported that SA was more 
effective and efficient than EMS. 
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Khan and Wani (2005) reported the genetic variability and 
correlation studies in M3 mutants of chickpea varieties Avrodhi and BG-
256 following the treatment with 0.02% hydrazine-hydrate (HZ). The 
study indicated that sufficient genetic variability was present for 
number of fertile branches, pods and plant yield in the mutants. Thus, 
these mutants may have a higher selection value and breeding 
significance. 
Wani and Anis (2004) studied the effect of gamma-rays and EMS 
on eight quantitative traits in two varieties of chickpea viz., Pusa-212 
and Pusa-372 and reported that combination treatment proved to be 
most effective followed by EMS and gamma ray in inducing the 
magnitude of variability. 
Castilla et al., (2001) reported efficient production of androgenic 
doubled haploid mutants in bariey by the application of sodium azide to 
anther and microspore cultures. Out of 616 M2 double-haploid lines 
characterised under field conditions, a total of 63 morphological and 
developmental independent mutant lines were identified 
Jabeen and Mirza (2002) studied the effect of EMS on Capsicum 
annuum and reported that EMS enhanced the genetic variability. 
Increasing concentrations resulted in gradual decrease in seed 
germination. Studies made in Mi generation on leaf area, number of 
leaves, number of branches, height of plants, days to flowering, days to 
fruiting, number of fruit/ plant and chlorophyll content showed in 
general, the variance in all the characters in the treated populations 
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compared with control. However, 0.5% cone, for 5 hours was highly 
toxic and resulted in an adverse effect on germination of seed. 
Patra Manomita (2001) indicated the induction of tolerance to 
mercury in barley {Hordeum vulgare L). Barley plants, raised after 
soaking seeds for 24 hours in 10 ppm mercuric chloride, showed 
tolerance to effect of higher dose (100 ppm) in the second generation 
using different agronomic characters as endpoints. 
Solanki and Sharma (2001) studied the frequency and spectrum of 
chlorophyll mutation in macrosperma lentil (Lens culinaris Medlk.) 
Singh and Mohapatra (1997) pretreated the seed of black gram 
with digitonin chemical just before the treatment with ethyl methane 
sulphonate (EMS) to enhance the mutagenic effect of EMS through 
greater uptake of the mutagen Into the cells. The M2 population was 
screened for macro-and micro-mutations. The frequency and spectmm 
of total macro-mutations were substantially increased by digitonin-EMS 
treatment compared to EMS treatment alone. There was also increase 
in micro-mutations by digitonin pretreatment for almost all the 
quantitative characters except seeds per pod and single plant yield. 
Jorgensen and Jensen (1986) studied the spontaneous chlorophyll 
mutation frequency in bariey. 
Singh and Kalia (1978) reported that LS.D. (Lysergic acid 
diethyamlde) induced extensive chromosomal aberrations in barley, and 
concluded that LSD was potent in the induction of chlorophyll 
mutations. 
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Kak and Kau! (1975) studied the mutagenic activity of 
hydrazine hydrate (HZ) a structural isomer of the nucleic acid base 
thymidine in barley. The treatments were administered alone or in the 
presence of maleic hydrazide (MH) and X-rays. Hydrazine was able to 
produce chlorophyll mutations in the Mi-generation itself if applied 
alone, in a mixture or as a last treatment In a sequence. In the M2-
generation, however, segregation for chlorophyll mutations was 
observed in all the treatments. The possible mode of action of the 
mutagen was discussed. 
Shah et al., 2008 studied the comparative mutagenic 
effectiveness and efficiency of gamma rays and Ethyl methane 
sulphonate (EMS) in two desi, one kabuli and one desi x kabuli 
introgression line of chickpea. The treatments included two doses each 
of gamma rays and EMS calculated on the basis of their LD30. The 
resuJts reveaJed that EMS was almost seven times more effective and 
its efficiency was two times higher than that of gamma rays. Mutagenic 
effectiveness and efficiency were found to depend upon mutagen type 
and the genotype and both were higher at lower doses of EMS in three 
genotypes except in desi genotype C44. The introgression line desi x 
kabuli genotype was found to be most resistant towards mutagenic 
treatments than desi and kabuli types. 
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MATERIALS AND METHODS 
3.1 Materials 
3.1.1 Varieties used 
The certified, healthy and dry seeds of two varieties (K-508 
and RD-2052) of barley were used. The seed of variety K-508 were 
procured from the Sherwani Agro Product, Aligarh and the seed of 
variety RD-2052 were obtained from Deepak Seed Store, Aligarh. 
Both these varieties are well adapted to the agro-climatic conditions 
of Uttar Pradesh 
3.1.2 Mutagens used 
Two types of mutagen were used (EMS and H2) in the present 
study. 
( i ) EMS : EMS has been shown to be a very effective and efficient 
mutgen (Kumar and Singh, 2002). Studies suggested that EMS 
is very efficient mutagen and can be used to induce genetic 
variability in a number of crop plants (Jabeen and Mirza, 2002) 
and (Sharma and Kumar, 2003). 
Mechanism of action of EMS: one major mechanism of 
mutagenesis by alkylating agents involves the transfer of methyl 
and ethyl groups to the bases such that their base pairing potentials 
are altered and transition result. For example, ethylation at the 7-N 
position and at the 6-0 position is believed to be two effect of EMS. 
:41:-
7-Ethy!guanine is then beiieved to base pair with thymine. Other 
alkylation products are beiieved to sonnehow "activate" repair 
processes in much the same way the thymine dimers do. The 
occasional repair occurring in these repair processes may lead to 
the transversions and frame shift mutations in addition to 
transitions. Finally alkylating agents (EMS) induced chromosomal 
breaks and the various kinds of chromosomal aberrations found 
correlate with breaks. 
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(il) Hydrazine hydrate: Hydrazine hydrate (NH2-NH2.H2O) is a 
basic and strong reducing agent. It inhibits the germination in 
the plants and induced gene mutations and chromosomal 
aberration and also induced chlorophyll mutation (Rehman 
and Siddiqui, 1998). HZ effect on plants has also been studied 
by Khan eta/., 2004 and Kaul and Kak, 1975). 
Mechanism action: The effect of HZ lies In the breaking the ring of 
urecii and cytocine and given rise to parazolone and 3-
aminoparasole respectively. Treatment of RNA by anhydrous 
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hydrazine produces "ribo- apyrimidinic acid" free of pyrimidines and 
treatnnent with DNA produces the corresponding apyrimidinic acid. 
3.1.3. Concentration used: Five concentrations (0.10, 0.20, 0.30, 
0.40 and 0.50%) of both mutagens were used for both varieties. 
3.2 Experimental procedure 
One percent stock solution of both the chemical mutagens (EMS 
and HZ) were prepared and from these stock solutions different 
concentrations were prepared by using the following formula 
SiVi = S2V2 
Where, Si = strength of stock solution 
Vi = Volume of stock solution 
S2 = Strength of desirable solution 
V2 = Volume of desirable solution 
All the solutions of the mutagens were prepared in phosphate buffer 
(Sorensen's phosphate buffer) of pH 7, only freshly prepared 
solutions were used for all the treatments. 
3.2.1 Methods of the treatment with chemical mutagen: Prior 
to the chemical mutagenic treatment the seed were presoaked in 
distilled water for 12 hours at room temperature (25±1°C) after this 
the seeds were kept on blotting paper so as to remove small 
droplets of water adhering to the surface of seeds. Thereafter, 
seeds were treated with different concentrations of mutagens for 6 
hours, one set of the seeds in each variety were kept untreated. 
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During the mutagenic treatment frequently shaking was given 
throughout the treatment period to facilitate sufficient aeration after 
the treatment period. The seeds were thoroughly washed in running 
tape water to remove the residual effect of mutagen sticking to the 
seed coat. 
3.2.2 Sampling size: In each variety a set of 150 seeds were used 
for each treatment Including control. Out of 150 seeds 100 seeds of 
each set were sown in field for cytomorphological study whereas, 
remain sets of 50 seed were grown on moist cotton in petriplates 
for measuring root and shoot lengths. For this, petriplates were 
kept in BOD incubator at 25±1°C temperature with relative humidity 
at 95%. 
3.2.3 Sowing In the field: Treated as well as untreated (control) 
seeds were sown in 5 replicates in a complete randomized block 
design (CRBD) (of 2 x 1 m^ each.) in Rabi season of 2007 in the 
field at Department of Agriculture, A.M.U. Aligarh. The distance 
between the seeds along the row was kept at 10 cm whereas row to 
row distance was maintained at 20 cm. in each experimental plot in 
a replication. 
3.3 Biological parameter 
3.3.1 Seed germination 
Seed germination was recorded right from the emergence of 
first shoot in each treatment as well as control in the field on 
alternate day. After recording the germination counts, the 
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percentage of seed germination and percentage of inhibition were 
calculated by using the following fornnulae: 
Number of seeds germinated 
Germination (%) = x 100 
Number of seeds sown 
Control - Treated 
Inhibition (%) = x 100 
Control 
3.3.2 Seedling height (cm) 
Seedling height was estimated on 7^*^ day of germination by 
measuring root and shoot length of 10 randomly selected seedlings 
from each treatment as well as control. Seedling injury as 
measured by the reduction in root and shoot length was calculated 
in terms of percentage of root and shoot injury. 
Control - Treated 
Percent injury = x 100 
Control 
3.3.3 Plant survival 
The surviving plants in different treatments were counted at the 
maturity and survival percentage and lethality were calculated by 
the following formulae. 
Number of plant at maturity 
Survival (%) = x 100 
Number of seeds germinated 
Control - Treated 
Lethality (%) = x 100 
Control 
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3.3.4 Pollen fertiJSt?/: Fresh and young flowers buds fronn 
randomly selected plants were taken from each treatment including 
control. Pollen fertility was determined by staining the pollen grain 
with 1% propionocarmine solution, pollen grain which took stain 
had a regular outline were considered as fertile while the shrunken, 
empty and unstained ones as sterile. The following formulae were 
used to calculate the pollen fertility and percent reduction (sterility) 
Number of fertile pollen grains 
Pollen fertility (%) = x 100 
Total number of pollen grains 
Control - Treated 
Percent reduction (sterility) = x 100 
Control 
3.4 Morphological characters 
(ii) Days to heading: Time to heading was recorded as the 
number of days from the date of sowing to the date when 2-3 
cm of awns were visible above the auricle of the flag leaf on 
the main tillers. 
(ii) Plant height: Plant height was measured at maturity in 
centimeters from the base up to the apex of spike. 
(iii) Days to maturity: Days to maturity was noted as the 
number of days taken from the date of sowing to the date of 
harvesting of plants. 
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( iv) Number of leaves per plant: The number of leaves per 
plant (including all tillers) both in control and treated 
populations was counted at the nnaturity time. 
(v) Number of tillers per plant: All the branches arising from 
the base was counted in each treatment as well as control. 
(vl) Flag leaf length: flag leaf length was measured (from the 
auhde to the tip of leaf) In centimeter in aU the treatments 
including control population. 
(vil) Length of spike: The length of spike was measured in 
centimeter 
(viii) Number of grain per spike: The number of grains per 
spike was counted. 
(ix) 100-grain weight: 100-grain was sampled randomly from 
the bulk harvested of each plant separately and their weight 
was recorded in grams. 
(x) Total plant yield. The weight of total grains harvested per 
plants, and the yield was recorded in grams 
3.5 Cytological studies: 
Cytological studies were carried out on pollen mother cells 
(PMCs) by fixing young flower buds from each treatment as well as 
control. The purpose of fixation is to kill the tissue without causing 
any distortion of the components to be studied. It should not only 
increase visibility of the chromosome structure but should also 
clarify the details of chromosome morphology such as the 
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euchromatic and heterochromatic regions and the primary and 
secondary constrictions. 
3.5.1 meiotic studies: 
The young spikes of proper size were collected carefully from 
treated as well as control populations and fixed in freshly prepared 
Carnoy's fixative (absolute alcohol : chloroform : acetic acid, 6:3:1 
ratio ) with a few crystals of ferric chloride (FeCb) for 24 hours. 
Thereafter, the materials were washed and preserved in 70% 
alcohol. Anthers were squashed in 1 % propionocarmine. Slide were 
sealed with wax to make temporary preparations. Preliminary 
observations were taken from temporary slides. Number dividing 
PMCs from each treatment as well as control populations were 
studied and analyzed at metaphase I/ I I , Anaphase I/II , Telophase I 
/ I I , stages. The slides were made permanent later by using n-buty( 
alcohol and GAA series. 
3.5.2. Making permanent slides. 
1. The wax from the temporary slides was removed with the help 
of blade. 
2. The slides were then kept in a petridish containing one part 
normal butyl alcohol and one part glacial acetic acid 
(NBA+GAA) in order to remove cover slips from the slides. 
3. The slides and coverslips were then transferred to absolute n-
butanol for 30 seconds. 
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4. A drop of Canada balsam was out on each slide and cover slip 
was replaced at the original position over a drop of Canada 
balsom. 
5. Later on the slides were kept in incubator for 24 hours at 45°C 
temperature. 
The photomicrographs were taken from temporary as well as 
permanent slides from digital camera (Olympus) using lOx eye 
pieceX lOOx objective lens. 
3.5.3 Chiasma frequency: The number of chiasmata per cell and 
per bivalent was estimated in treated as well as control plants at 
diakinesis and metaphase stages. 
3.6. Statistical Analysis 
The observations recorded on days to heading ,days to 
maturity, number of leaves per plant, and plant height, spike 
length, etc. in different treatments and control were subjected to 
statistical analysis with a view to find out the extent of variations 
induced by the chemical mutagens and their interrelationship. 
3.6.1 Mean 
It is measure of central tendency distribution and defined as 
the sum of all individual observations divided by total number of 
readings (replicates). 
The arithmetic mean or sample mean of the average value is easily 
computed by taking the sum of a number of observations (X1+X2+--
—Xn) and dividing it by number of observations (N) recorded. 
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Where, (X1+X2+ +Xn) = observations 
Thus, 
X = 
Mean X = 
N 
N 
Where, 
X = Sum of individual readings 
N = Number of readings 
3.6.2 Standard Deviation (SD) 
It is positive square root of the average of sum of squares of 
derivations of all observations from their means. It is calculated by 
the following formula: 
S.D.(a) = ( x - x , ) ^ + ( x - x , ) ^ - - ( x - x j ^ 
S.D.(a-) = J^ =^ ^ "— 
for small population 
S.D.= ,P<^-^"'' 
n-1 
where, 
Xn = Individual readings 
X = Mean of all readings 
n = Number of readings 
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3.6.3 Standard Error (S.E-) 
It is the measure of mean difference between sample 
estimate of mean (X), the population parameter. 
VN 
where, 
N= Number of observations 
S.D. = Standard deviation. 
3.6.4. Coefficient of variability (C.V.) 
It measures the relative magnitude of variations present in 
observations relative to their magnitude of their arithmetic mean. It 
Is defined as the ratio of standard deviation to arithmetic mean 
expressed as percentage and is a unitless number. The following 
formula was applied to compute coefficient of variability (C.V.). 
^ , , Standard deviation ,_ . 
C.V. = xlOO 
Arithmatic mean 
or C.V. = ^ x l O O 
X 
Where, S.D. Standard deviation 
X = Arithmetic mean. 
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EXPERIMENTAL RESULTS 
E X P E R I M E N T A L RESULTS 
The effect of EMS and HZ treatment was evaluated on seed 
germination, seedling height, plant survival, pollen fertility, behavior of 
PMCs and various quantitative characters of Hordeum vulgare L.Var. 
K-508 and Var. RD-2052 in Mi generation. 
4 .1 Biological parameters 
4 .1 .1 Seed germination 
Data recorded on the seed germination are shown in table 4 and 
5. The seed germination decreased in both the varieties with increase 
in concentrations of mutagens (graph 1 and 2). The maximum 
decrease in germination was observed at the highest concentrations 
(i.e. 0.50%) of both mutagens. 
In case of EMS the maximum inhibiting effect on seed 
germination was 21.50% and 17.80% at 0.50% EMS in var. K-508 and 
var. RD-2052 respectively. In case of HZ, the maximum inhibition was 
25.80% and 29.9% at highest concentrations (i.e. 0.50%) in variety 
K-508 and RD-2052 respectively. 
In general germination was affected in all the treatments in both 
the varieties. However, var. K-508 was more sensitive than var. RD-
2052, The order of effectiveness was HZ > EMS in both varieties. 
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4.1.2 Plant survival 
Data recorded on plant survival is presented in tables 4 and 5. 
The survival of seedlings decreased with an increase in concentration 
of mutagens in the both the varieties (graph land 2). Among the 
mutagenic treatments, the maximum survival percentage was 
observed at lowest treatment and the minimum survival percentage 
was observed at highest concentration of both the mutagens. The 
maximum lethality i.e. 29.42% in ver. K-508 at 0.50% HZ and 
24.03% in var. RD-2052 at 0.50% EMS. 
The pooled mean values for survival percentage in EMS was 
maximum (82.51%)in var.K-508 while in var. RD-2052, it was 81.44% 
and in case of HZ, the highest plant survival was 82.66% in var.RD-
2052, while it was (80.33%.) in var. K-508. However, the var.K-508 
was found to be more sensitive then var.RD-2052 with respect to the 
survival percentage. 
4.1.3 Pollen fertility: 
Data recorded on pollen fertility are shown in tables 5 and 6. 
The data indicated that pollen fertility was decreased with an increase 
in concentration of mutagens in both the varieties (Graph 1 and 2). 
Among the mutagenic treatments, the maximum sterility i.e. 
33.3% and 23.30% was recorded at 0.50% HZ in var.K-508 and 
0.50% EMS in var.RD-2052 respectively. The pooled mean values for 
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pollen sterility indicated that HZ induced more pollen sterility than EMS 
in var.K508. In general the var. K-508 was found to be more sensitive 
than var. RD-2052. 
4.1.4 Seedling Height (cm) 
Seedling height (root length and shoot length) was measured in 
cm and presented in Table 6 and 7. A gradual decrease in the 
seedling height with an increasing concentration of HZ was noted in 
both varieties. The lower and intermediate concentrations of EMS 
(0.20% and 0.30%), showed stimulatory effect while the higher 
concentration of EMS showed inhibitory effect on seedling height in 
both varieties. 
The positive shift in mean value of root length i.e., 0.39 and 
0.04 was observed at 0.10% of EMS in the var.K-508 and RD-2052 
respectively. The maximum positive shift of mean values in shoot 
length was 0.73 and 0.72 at 0.20% EMS 0.10% EMS in var.K-508 and 
RD-2052 respectively, some of the concentrations of EMS showed 
stimulatory effect in both varieties while all the concentrations of HZ 
showed inhibitory effect in both the varieties. Pooled mean values of 
both the mutagens for seedling height indicated inhibitory effect in 
both varieties. However, var. K-508 var. was found to be more 
sensitive than the var. RD-2052 for both mutagens. 
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seven perfect bivalents 2n = 14 at diakinesis and metaphase I (Plate-I 
and I I I , f ig . l and 24) which showed equal segregation (7:7) at 
anaphase I (Plate I and I I I , f ig. 3 and 26). The microsporogenesis in 
plants raised from treated seeds was highly disturbed. The meiotic 
studies showed almost similar types of chromosomal aberrations in 
both the varieties but the frequencies of these chromosomal 
aberrations were different. 
The various chromosomal aberrations during microsporogenesis 
in Ml plants were univalents, multivalents, stickiness, precocious 
separation, stray bivalents, non-orientation and cytomixis at 
metaphase I/II and laggards, chromatin bridges, unequal separation, 
and non-synchronization at anaphase 1/ I I . The common meiotic 
aberrations at telophase 1/ I I were disturbed polarity, micronuclei and 
cytomixis. The observations showed that the various chromosomal 
aberrations were dose dependent in both varieties. 
4.2 .1 Chromosomal aberration at metaphase 1 / I I . 
i) Univalent: 
The univalents were observed at the metaphase I in almost all 
the treatments except at 0 . 1 % EMS and HZ in both varieties and also 
at 0.2%. EMS of var. RD-2052 . The frequency of univalents ranged 
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from 1-14 at metaphase I. The highest frequency of PMC showing 
univalents were 1.48% and 1.92% at 0.5% EMS and HZ respectively 
in var. K-508 and it was 1.3 and 1.26% in EMS and HZ respectively in 
var. RD-2052. 
ii) Multivalents: 
Multivalents such as trivalents, tetravalents, pentavalents were 
observed at the metaphase I in the treated populations of both the 
varieties (plate I and I I I ,fig 10,11 and 32,33), the multivalents 
showed dose dependent increase in both the mutagenic treatments. 
The frequency of PMC showing multivalent ranged from 0.39% -
2.22% (EMS) and 0.74% - 2.30% (HZ) in var. K-508 while the range 
was 0.33% - 1.63% in EMS and 0.65%-1.26% in HZ in var. RD-2052. 
The highest concentration of each treatment showed a higher 
frequency of multivalents in both the varieties. The maximum 
frequency of multivalents was 2.30% (at 0.5% of HZ) in var. K-508 
and it was 1.67% (at 0.5% of EMS) in var. RD-2052. In general, total 
frequency of multivalents was higher in var. K-508. 
iii) Stickiness: 
Stickiness or clumping of chromosomes at metaphase 1/ I I was 
one of the most common meiotic aberrations. Chromosomes were 
clumped either in one or different groups (Plate I and I I I , Fig.7 and 20, 
34). The frequency of PMCs showing stickiness ranged from 0.39% -
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2.50% (EMS) and 0.37% - 2.69% (HZ) in var. K-508 while the 
frequency of PMC with stickiness ranged fronn 0.66% - 2 .61% (EMS) 
and 0.32% - 1.90% (HZ) in var. RD-2052. EMS treatment showed the 
more frequency of PMCs with stickiness than HZ. The highest 
concentration of both mutagens showed the higher frequency of PMC 
with stickiness in both varieties. 
iv) Stray Bivaients: 
Stray bivaients at metaphase 1/ I I were one of the most common 
cytological aberrations (Plate I and I I I , fig. 9 and 35). The frequency 
of PMCs with stray bivalent ranged from 0.78% - 2.50% (EMS) and 
0.74% - 2.30% (HZ) in var. K-508 while in var. RD-2052 it ranged 
from 0.33% - 1.96% (EMS) and 0.32% - 2 .01% (HZ) (table-8 and 9). 
EMS treatment showed more frequency of PMC with stray bivaients 
than HZ in varieties K-508 while in var. RD-2052, HZ showed higher 
frequency of PMC with stray bivaients. 
v) Precocious separation: 
Precocious separation at metaphase 1/ I I was one of the most 
common cytological aberration (plate I I I and IV, fig. 30 and 41) PMCs 
with precocious movement were observed in all the treatments with a 
few exceptions (0 .1% EMS in var. K-508 and 0 . 1 % HZ in var. RD-
2052). The frequency of PMCs with precocious separation ranged from 
0.41%-1.85% (EMS) and 0.37%- 2.30% (HZ) in var. K-508 while the 
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frequency of PMC with precocious separation ranged from 0.33%-
1.63% (EMS) and 0.34%-1.25% (HZ) in var. RD-2052. Higher 
concentration showed higher frequency of PMCs with precocious 
separation. 
vi) Non-orientation : 
The non-orientation of chromosomes were observed in almost all 
the treatment s (plate. I and I I I ,fig. 9 and 35) with a few exceptions 
( 0 . 1 % EMS & HZ in both varieties). The frequency of PMCs with non-
orientation of chromosomes ranged from 0 .41%-1.11% (EMS) and 
0.9%-1.15% (HZ) in var. K-508 while the frequency of PMCs with 
non-orientation of chromosomes ranged from 0.33%-0.98% (EMS) 
and 0.34%-0.95% (HZ) in var. RD-2052. In general HZ showed higher 
frequency of PMCs with non-orientation than EMS in both varieties. 
However, the var. K-508 showed more frequency of PMCs with non-
orientation of chromosomes than var. RD-2052. 
vii) Cytomixis: 
Cytomixis was observed as a dominant feature at metaphase I/II 
in all the treatments in both the varieties. The frequency of PMCs 
showing cytomixis ranged from 0.39%-1.85% (EMS) and 0.37% -
2.3% (HZ) in var. K-508 while the frequency of PMCs showing 
cytomixis ranged from 0.99% - 1.96% (EMS) and 0.32% - 2.22% 
(HZ) in var. RD-2052. Total frequency of PMCs with cytomoxis was 
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higher in HZ treatments than EMS in both varieties. However, 
frequency of cytomixis was higher in var. RD-2052 than var. K-508. 
4.2.2 Chromosomal aberrations at Anaphase 1 / I I : 
The dominant chromosomal aberrations at anaphase 1/ I I were 
laggards bridges, unequal separation of chromosome and non 
synchronization. 
i) Laggards: 
Laggards at anaphase stages were frequently observed in all the 
mutagenic treatments in both varieties (plate I I and IV, fig. 16,19 and 
37). The frequency of lagging chromosomal ranged from 0.39% -
1.85% (EMS) and 0.37% - 1.53% (HZ) in var. K-508 while in var. RD-
2052 it ranged from 0.33% - 1.63% (EMS) and 0.32% - 1.53% (HZ). 
ii) Bridges: 
Bridges at anaphase stages were frequently observed in all the 
mutagenic concentrations in both the varieties (plate I I and IV, fig, 
13,14 and 39) The frequency of PMCs with bridges ranged from 0.39% 
- 2.32% (EMS) and 0.37% - 2.30% (HZ) in var. K-508 while the 
frequency of PMCs with bridges ranged from 0.66% - 2.28% (EMS) 
and 0.65% - 1.90% (HZ) in var. RD-2052. The maximum frequency of 
bridges was found in highest concentrations of mutagens in both 
varieties. However EMS showed more frequency of PMCs with bridge 
than HZ in var. K-508. 
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i i f) Unequal separat ion: 
Unequal separation of chromosomes at anaphase I was noticed 
in almost all the treatments with a few exceptions ( 0 . 1 % EMS and HZ 
in both varieties). The frequency of PMCs with unequal separation 
ranged from 0.41%-1.48% (EMS) and 0.40%-1.53% HZ in var. K-508, 
while in var. RD-2052 its range was 0.33% -1.30% (EMS) and 0.69%-
1.90% (HZ). However, the var. RD-2052 showed more frequency of 
unequal separation than var. K-508. 
iv) Non-synchronization: 
Non-synchronization was observed in almost all the mutagenic 
concentrations except 0 . 1 % HZ in var. K-508. A dose dependent 
increase was observed in all the mutagenic treatments. The frequency 
of PMCs with non-synchronization ranged from 0.39%-1.85% (EMS) 
and 0.40%-1.92% (HZ) in var. K-508 while, it was 0.33%-1.63% 
(EMS) and 0.32%-1.58% (HZ) in the var. RD-2052. 
4.2.3 Chromosomal aberrations at telophase I / I I : 
The commonly recorded chromosomal aberrations at telophase I 
/ I I were, disturbed polarity, micronuclei and cytomixis. 
( i ) Disturbed polarity 
Disturbed polarity was found in almost all the concentrations of 
mutagenic treatment except at lower concentrations ( 0 . 1 % and 0.2% 
HZ in var. K-508 and 0 . 1 % and 0.2% EMS in var. RD-2052 (Table-8 
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and 9). The frequency of PMCs showing disturbed polarity ranged from 
0.39%-0.74% (EMS) and 0.39%-0.76% (HZ) in var.K-508 while, it 
ranged from 0.31%-0.98% (EMS) and 0.32%-1.26% (HZ) in var. RD-
2052. The maximum frequency of PMCs showing disturbed polarity 
was in var. RD-2052 at higher concentration, 
(if) MfcronucJeJ: 
The micronudei (Plate I I , fig. 21,) were observed in almost all 
the treatments (Plate..., fig...,) except at lower concentrations (0 .1% 
EMS and HZ, in var. K-508 and 0 . 1 % HZ in var. RD-2052). The 
frequency of PMCs with micronudei ranged from (0.41%-1.11%) and 
0.40%-1.15% (HZ) in var. K-508 where as it ranged from 0.33%-
1.96% (EMS) and 0.34%-1.26% (HZ) in var. RD-2052. The maximum 
frequency of PMCs with micronudei was observed at highest 
concentration of EMS and HZ in var. RD 2052. However, EMS 
treatment showed more frequencies of PMCs with micronudei. 
(i i i) Cytomixis: 
Cytomixis was observed in almost all the concentration of 
mutagenic treatments in both the varieties with a few exceptions 
( 0 . 1 % and 0.2% EMS and HZ in var. K-508 and 0 . 1 % and 0.2% HZ in 
var. RD-2052). The frequency of cytomixis ranged from 0 . 8 0 % - l . l l % 
(EMS) and 0.79%-1.53% (HZ) in var. K-508 whereas, this range was 
0.33%-0.98% (EMS) and 0.33%-0.95% (HZ) in var. RD-2052. The 
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more frequency of PMCs with cytomixis was 1.53% at 0.5% HZ in var. 
K-508. The var. K-508 showed more total frequency of PMCs with 
cytomixis than var. RD-2052. 
Perusal of the result in Tables 10 revealed that meiotic 
aberrations increased with the increase in concentrations of mutagens 
in both varieties. The over all frequency of meiotic aberrations at 
various stages of indicated that chromosomal aberrations were more 
common at metaphase followed by anaphase and telophase stages. HZ 
was most effective followed by EMS in var. K-508 while, in var. RD-
2052 EMS was found to be more effective. However, the frequency of 
meiotic aberrations was comparatively more in var. K-508 than var. 
RD-2052. 
4.3 Chiasma frequency: The effect of chemical mutagens (EMS and 
HZ) on chiasma frequency in varieties K-508 and RD-2052 was studied 
in Ml generation (Table-11). The data revealed that there was a 
decrease in the frequency of chiasmata per PMC and per bivalent in Mi 
plants treated with chemical mutagens as compared to the control 
plants. Chiasmata per cell and per bivalent was 13.30 and 1.85 
respectively in control plant of var. K-508 while it was 12.25 and 1.75 
respectively in control plant of var. RD-2052. The frequency of 
chiasmata par cell ranged from 12.85-11.20 (EMS) and 11.75-10.45 
(HZ) in var. K-508 while it ranged from 12.20- 11.05 (EMS) and 11.8-
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10.9 (HZ). The frequency of chiasmata per bivalent ranged from 1.84-
1.59 (EMS) and 1.67- 1.48 (HZ) in the var. K-508 while it was 1.74-
1.57 (EMS) and 1.68-1.55 (HZ) in the var. RD-2052. In general the 
frequency of chiasnnata decrease at higher concentration of nnutagens. 
The HZ treatments caused more reduction in chiasma frequency of 
chiasmata in both the varieties. 
4.4 Studies on quantitative cliaracters: 
The effect of EMS and HZ was studied on ten quantitative 
characters viz. days to heading, plant height, day to maturity, number 
of leaves per plant, number of tillers/ plant, flag leaf length, length of 
spike, number of grains per spike, 100-grain weight and total yield/ 
plant in Mi generation. The statistical analysis was done to find out the 
mean (X),standard error (SE) shift in mean, standard deviation 
(S.D.), coefficient of variation (C.V.%) for these quantitative traits in 
the treated populations. Data of these quantitative characters are 
summarized in table 12-21. 
In the present investigation the mean of all quantitative 
characters shifted in the positive as well as negative directions. The 
lower concentrations of both the mutagens were most effective in 
inducing the positive shift in X the mean values for all the quantitative 
characters except for days to flowering and days to maturity. 
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In case of days to flowering and days to maturity a negative shift 
in mean was observed at most of the lower concentrations. However, 
positive as well as negative shift in mean values were dose dependent. 
Plant height was found to be significantly reduced at higher 
concentration of mutagen. However, some plants at lower doses 
responded positively to the mutagen and recorded slight increase in 
plant height (Table 13). 
The pooled mean values for number of tillers/ plant, showed 
slight increase in both mutagenic treatments in both varieties (Table 
17). The pooled mean values for number of leaves per plant and flag 
leaf length recorded slight increase at EMS treatment in var. K-508 
while in var. RD-2052 it was found to be significantly reduced in both 
mutagenic treatments (Table-15, 16) The pooled mean values for 
number of grains per spike, 100-seed weight and grain yield/ plant 
showed slight decrease in both mutagenic treatments in both varieties 
except EMS treated plants at var. K-508 where it was slightly 
increased (Table-19,20 & 21) 
4.5 Morphological variations 
The extended variability among these variants was assessed in 
terms of variation frequency based on the percent of total surviving 
population in Mi generation. A detailed analysis of frequency of each 
morphological variant induced by EMS and HZ in the var.K-508 and 
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var. RD -2052 is presented in (Table 22), whereas the frequency of 
total morphological variants induced by both mutagens in two verities 
of barley is given in (Table-23). The frequency of morphological 
variants in two varieties indicated that both the varieties of bariey 
responded differently to the mutagenic treatments however, var. RD-
2052 showed more morphological variants than the var. K-508. The 
morphological variants isolated from the treated populations and the 
frequency of variants was calculated for each mutagen (Table-22). 
The characteristics of the morphological variants isolated in Mi 
generation of Hordeum vulgare L. are as follows: 
i) Tail varients: 
These variants were isolated from the population treated with 
mutagens (EMS and HZ) in both the varieties. Out of the total 
morphological variants, the total frequency of tall variants was 0.6% 
and 0 .61% in var. K-508 and in RD-2052 respectively. Tall variants 
were found in both varieties at both mutagenic treatment except HZ 
in var. K~508. (Table-23). 
ii) multiple tillering variants: 
These variants were highly vigorous in growth having more 
number of tillers as compared to control plants (plate X and XI, f ig. 65 
and 67). These variants were isolated from all mutagenic treatments in 
both varieties. (Frequency is mentioned in Table-22) 
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i i i) Leaf variant: 
These variants showed broad, thick, small, long, and more 
number of leaves etc., the number of leaf was directly linked with 
number of tillers. Frequency of leaf variant was higher in HZ treated 
population in var. RD 2052. 
iv) High yielding variant: 
These variants generally included long spikes (plate XII and XIII, 
fig. 70-75), multiple spikes (plate XII, fig. 70), small & bold seeded 
plants (plate XIV, fig. 76-77). These variants showed increase in the 
total yield per plant (g). The frequencies of these variants are 
mentioned in Table 22. Multiple spikes (Ear) were found in very low 
frequency only in EMS treated population of var. K-508 (Table.22). 
v) Chlorophyll variants: 
These variants are albino, xantha, chlorina, zebra strip, and 
white streake etc., chlorophyll variants were found in all the treated 
population in both the varieties. In case of albino variant (Plate VI, fig. 
48-50) the seedlings were white in colour, relatively smaller than the 
normal looking seedlings, survived for 8-10 days only. In case of 
chlorina type of chlorophyll variants the seedlings were light green or 
yellowish green in color and survived for 25-30 days only. (Plate VII, 
fig. 51-52). Xantha seedling was yellow in color and died at the two to 
three leaf stages. In case of zebra stripes the early leaves of 
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homozygous plants had bright yellow bands across a light greenish 
yellow background (plate VI I I , fig. 55-55). In case of white streaks 
poorly defined margins developed on foliage seems nearly albinotic, 
but at maturity plants turn green. (Plate VI I I , fig. 56-57). 
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Table 11 : Effect of EMS and HZ on chiasmata frequency in 
Hordium vulgare L. var. K-508 and RD-2052 in Mi 
generation. 
Treatment 
Control 
EMS 
(%) 
Pooled 1 
0.10 
0.20 
0.30 
0.40 
0.50 
mean 
K-508 
Frequency of chiasmata 
Per 
PMC 
13.30 
12.85 
12.35 
12.30 
11.70 
11.20 
12.08 
Per 
blvalents 
1.89 
1.84 
1.76 
1.75 
1.66 
1.59 
1.17 
RD-2052 
Frequency of chiasmata 
Per 
PMC 
12.25 
12.20 
12.0 
11.50 
11.20 
11.05 
11.58 
Per 
bivalents 
1.75 
1.74 
1.71 
1.64 
1.60 
1.57 
1.65 
0.10 11.75 1.67 11.80 1.68 
HZ 0.20 
(%) 
0.30 
0.40 
0.50 
Pooled mean 
11.50 
11.20 
10.80 
10.45 
11.14 
1.64 
1.59 
1.54 
1.48 
1.58 
11.60 
11.50 
11.45 
10.90 
11.45 
1.65 
1.64 
1.63 
1.55 
1.63 
Table 12: Range, mean(X), shift \nX, standard deviation 
(S.D.) and coefficient of variation (C.V.) for days to 
heading in Mi generation of Hordeum vulgare L. 
Treatment 
Control 
0.10 
0.20 
EMS{%) 0.30 
0.40 
0.50 
Pooled Mean 
0.10 
0.20 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
Control 
0.10 
EMS(%) 0.20 
0.30 
0.40 
0.50 
Pooled Mean 
0.10 
0.20 
HZ(%) 0.30 
0.40 
0.50 
Pooled Mean 
Rang 
7 8 - I 
7 8 -
7 9 -
7 8 -
8 0 -
7 6 -
7 8 -
7 6 -
7 7 -
77 -
79 -
78 -
7 8 -
77 -
7 8 -
7 9 -
7 6 -
8 0 -
7 8 -
75 -
7 9 -
7 8 -
34 
- 8 4 
- 8 5 
- 8 4 
- 8 7 
- 8 5 
- 8 5 
- 8 5 
- 8 5 
- 8 9 
- 8 8 
- 8 3 
- 8 4 
-84 
-86 
-85 
-85 
-85 
-86 
- 85 
-89 
-88 
Z ± S . E . ! 
Var. k-508 
81.4 ± 0.54 
81.3 ± 0 . 6 5 
81.5 ± 0.71 
80.4 ± 0.65 
82.8 ± 0.82 
81.1 ± 0.97 
81 .42 ± 0 .76 
82.0 ± 0.77 
80.3 ± 0.94 
81.8 ± 0.97 
81.0 ± 0.86 
83.6 ± 0.89 
8 1 . 7 4 ± 0 .88 
Shift In X 
-0.10 
+0.10 
+ 1.00 • 
+ 1.40 
-0.30 
+ 0.60 
-1.10 
+0.40 
-0.40 
+2.20 
Var. RD.-2052 
80.9 ± 0.67 
81.2 ± .071 
80.6 ± 0.82 
82.1 ± 0.81 
82.2 ± 0.89 
81.2 ± 0.92 
81 .46 ± 0 .83 
83.6 ± 0.97 
82.1 ± 0.79 
80.1 ± 0.90 
84.1 ± 0.98 
82.2 ± 0.99 
82 .42 ± 0 .93 
+0.30 
-0.30 
+ 1.20 
+ 1.30 
+ 0.30 
+ 1.4 
-0.1 
-2.1 
+ 1.9 
0.00 
S.D. 
1.71 
2.05 
2.27 
2.06 
2.61 
3.07 
2.412 
2.44 
2.98 
3.08 
2.94 
2.85 
2.85 
2.09 
2.25 
2.59 
2.72 
2.82 
2.93 
2.66 
3.09 
12.51 
2.87 
3.12 
3.11 
2.94 
C.V. ( % ) 
2.10 
2.52 
2.78 
2.56 
3.15 
3.78 
2.95 
2.97 
3.71 
3.76 
3.62 
3.40 
3.45 
2.55 
2.77 
3.21 
3.31 
3.43 
3.60 
3.95 
3.69 
3.05 
3.58 
3.70 
3.78 
3.56 
Table 13: Range, mean(X} , shift \nX, standard deviation 
(S.D.) and coefficient of variation (C.V.) for Plant height 
(cm) in Ml generation of Hordeum vulgare. L. var.K-508 
and RD-2052 
Treatment 
Control 
EMS(%) 0.10 
0.20 
0.30 
0.40 
0.50 
Pooled Mean 
0.10 
0.20 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
Control 
0.10 
0.20 
EMS(%) 0.30 
0.40 
0.50 
Pooled Mean 
0.10 
0.20 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
Range 
68.2-72.9 
68.8-75.5 
65.8-72.1 
65.2-74.0 
62.9-73.5 
63.9-68.3 
62.8-72.4 
65.3-72.5 
62.4-69.2 
62.7-69.0 
62.0-67.5 
72.4-78.6 
72.0-78.0 
72.9-79.1 
68.3-76.3 
69.3-79.0 
68.1-67.9 
71.9-79.1 
68.0-76.6 
67.7-75.1 
66.9-74.6 
68.1-76.1 
X ± S . E . 
Var. k-508 
70.57 ± 0.54 
72.19 ±0.71 
68.9 ± 0.77 
68.60 ± 0.89 
67.82 ± 0.91 
65.81 ± 0.94 
68 .66 ± 0 .84 
69.53 ± 0.84 
68.50 ± 0.87 
66.50± 0.88 
65.82 ± 0.96 
64.08 ± 0.99 
66 .88 ± 0 . 9 1 
Var. RD.-2052 
75.46 ± 0.67 
74.40 ± 0.71 
73.71 ± 0.91 
72.79 ± 0.93 
74.14 ± 1.05 
71.61 ± 
0.999 
73 .32 ± 
0 .92 
75.60 ± 0.72 
73.24 ± 0.92 
71.46 ± 0.99 
70.17 ± 0.93 
71.87 ± 1.02 
7 2 . 7 6 8 ± .916 
Shift In X 
-
+ 1.62 
- 1.67 
- 1.97 
- 2 . 7 5 
- 4 . 7 6 
- 1.04 
- 2.07 
- 4.07 
-4 .75 
-6 .49 
- 1.06 
- 1.75 
-2 .67 
- 1.32 
- 3 . 8 5 
+ 0.14 
-2 .22 
-4 .00 
-5 .29 
-3 .59 
S.D. 
1.72 
2.24 
2.44 
2.84 
2.85 
2.98 
2.67 
2.67 
2.75 
2.78 
3.05 
3.158 
2.88 
1.96 
2.276 
2.904 
2.97 
4.38 
3.16 
3.13 
2.278 
2.93 
3.055 
2.96 
3.25 
2.89 
C.V. ( % ) 
2.43 
3.10 
3.55 
4.14 
4.21 
4.37 
3.87 
3.8 0 
4.00 
4.17 
4.64 
4.92 
4 .30 
2.60 
3.05 
3.94 
4.08 
5.20 
4.41 
4 .13 
3.014 
4.01 
4.27 
4.23 
4.52 
3.40 
Table 14: Range, mean {X), shift in X, standard deviation 
(S.D.) and coefficient of variation (C.V.) for day to 
maturity in Mi generation of Hordeum vulgare L. var.K-508 
and RD-2052 
Treatment 
Control 
0.10 
EMS (%) 0.20 
0.30 
0.40 
0.50 
Pooled mean 
0.10 
HZ (%) 0-20 
0.30 
0.40 
0.50 
Pooled mean 
Control 
0.10 
0.20 
EMS {%) 0-30 
0.40 
0.50 
Pooled mean 
0.10 
HZ (%) 0.20 
0.30 
0.40 
0.50 
Pooled mean 
Range 
122-129 
120-128 
118-125 
121-130 
125-134 
123-134 
123-130 
117-127 
115-126 
120-128 
121-130 
X ± S.E. 
Var. k-508 
125.40±0.81 
123.30±0.85 
121.g0±.0.95 
128.10±0.85 
128.10±0.85 
127.30±0.98 
125 .74±0 .89 
126.60±0.76 
121.60±0.96 
121.70±0.91 
123.50±0.99 
126.10±0.99 
123 .90±0 .92 
Var. RD.-2052 
118-126 121.7±0.81 
118-126 
118-128 
118-127 
122-128 
120-128 
117-125 
117-124 
118-125 
119-130 
119-127 
121.50±0.92 
123.70±0.96 
118.20±0.98 
124.20±0.92 
123.90±0.95 
1 2 2 . 3 0 ± 0 . 9 4 
120.10±0.93 
119.50±0.91 
122.40±0.91 
122.20±0.93 
122.10±0.97 
1 2 1 . 2 6 ± 0 . 9 3 
Shift In X 
-2.10 
-3.50 
+2.70 
+ 2.70 
+ 1.90 
+ 1.20 
-3.80 
-3.70 
-1.90 
+ 0.70 
-0.20 
+ 2.00 
-3.50 
+ 2.50 
+2.2 
-1.60 
-2.20 
+0.70 
+ 0.50 
+0.40 
S.D. 
2.59 
2.71 
3.03 
3.15 
2.68 
3.12 
2.93 
2.41 
3.06 
2.90 
3.13 
3.14 
2.93 
2.58 
2.92 
3.05 
3.12 
3.01 
3.03 
3.02 
2.96 
2.87 
2.87 
2.94 
3.07 
2.94 
C.V. 
{%) 
2.06 
2.19 
2.48 
2.52 
2.09 
2.45 
2.34 
1.91 
2.51 
2.38 
2.53 
2.49 
2.36 
2.12 
2.39 
2.47 
2.64 
2.42 
2.44 
2.47 
2.46 
2.40 
2.34 
2.40 
2.50 
2.42 
Table 15: Range, mean {X), shift in X, standard 
deviation(S.D,) and coefficient of variation (C.V.) for 
number of leaf per plant in Mi generation of Hordium 
vulgiare L. var.K-508 and RD-2052 
Treatment 
Control 
0.10 
0.20 
EMS (%) 0.30 
0.40 
0.50 
Pooled mean 
0.10 
0.20 
HZ (0/0) Q 3Q 
0.40 
0.50 
Pooled mean 
Control 
0.10 
0.20 
EMS (%) 0.30 
0.40 
0.50 
Pooled mean 
0.10 
0.20 
HZ (%) 
0.30 
0.40 
0.50 
Pooled mean 
Range 
35-45 
34-45 
36-52 
35-52 
35-48 
30-49 
36-50 
32-55 
34-48 
25-45 
28-46 
38-51 
35-50 
35-50 
36-48 
35-48 
36-48 
30-50 
30-48 
25-44 
32-48 
32-48 
X ± S.E. 
Var. k-508 
40.4±0.97 
39.6±1.32 
42.4±1.60 
44.2±1.96 
40.2±1.20 
40.35±1.84 
41.35±1.6 
43.5±1.79 
41.4±2.01 
40.9±1.58 
37.1±2.09 
36.9±2.45 
39.96±1.98 
Var. RD.-2052 
42.0±0.97 
42.5±1.56 
42.2±1.78 
41.3±1.62 
40.3±1.86 
40.4±1.85 
41.34±1.73 
42±1.76 
40.6±1.82 
40.7±1.60 
39.6±1.93 
39.0±2.08 
40.38±1.83 
Shift In X 
-0.80 
+2.00 
+3.80 
-0.20 
-0.05 
+3.10 
+ 1.00 
+0.50 
-3.30 
-4.40 
6.27 
+0.50 
+0.20 
-0.70 
-1.70 
-1.60 
0.00 
-1.40 
-1.30 
-2.40 
-3.00 
S.D. 
3.09 
4.19 
5.05 
6.21 
4.07 
5.84 
5.07 
5.66 
6.37 
4.99 
6.62 
7.75 
3.09 
4.94 
5.65 
5.14 
5.91 
5.83 
5.49 
5.57 
5.75 
5.20 
6.11 
6.59 
5.8 
C.V. 
7.66 
10.59 
11.93 
14.00 
10.14 
14.77 
12.28 
13.01 
15.18 
12.2 
17.85 
21.00 
15.84 
7.3 
11.64 
13.38 
12.45 
14.59 
14.45 
13.30 
13.28 
14.18 
12.77 
15.60 
16.90 
14.54 
Table 16: Range, mean {X), shift in X, standard deviation 
(S.D.) and coefficient of variation (C.V.) for flag leaf length 
(cm) in Ml generation of Hordium vulgare L. var.K-508 
and RD-2052 
Treatment 
Control 
0.10 
EMS (%) 0.20 
0.30 
0.40 
0.50 
Pooled mean 
0.10 
0.20 
HZ (%) 0-30 
0.40 
0.50 
Pooled mean 
Control 
0.10 
0.20 
EMS (%) 
0.30 
0.40 
0.50 
Pooled mean 
0.10 
0.20 
HZ(%) 0 3 0 
0.40 
0.50 
Pooled mean 
Range 
12.0-16.5 
11.6-16.9 
10.6-17.9 
12.2-18.1 
10.4-18.0 
13.0-19.1 
12.1-16.2 
11.6-16.4 
11.3-18.3 
11.2-17.8 
12.2-18.2 
15.0-19.2 
15.4-20.2 
14.5-19.6 
15.5-20.1 
13.4-19.5 
13.5-19.8 
13.4-18.0 
14.0-19.1 
14.8-20.0 
14.5-19.4 
12.6-20.3 
X ± S.E. 
Var. k-508 
14.8±0.5 
14.31±0.62 
15.51±0.78 
14.8±0.63 
15.48±0.8 
16.97±0.8 
15 .41±0 .72 
14.11±0.47 
14.9±0.58 
15.9±0.616 
13.67±0.82 
15.58±0.72 
14 .83±0 .64 
Var. RD.-2052 
17.06±0.51 
16.12±0.72 
17.41±0.52 
17.47±0.54 
16.92±0.64 
16.99±0.73 
16 .98±0 .315 
16.74±0.6 
16.41±0.54 
16.9±0.57 
16.13±0.53 
15.75±0.73 
16 .38±0 .59 
Shift in 
-
-0.49 
+ 1.21 
0.00 
+ 1.17 
+ 2.66 
-0.2 
+0.59 
+ 1.159 
-0.64 
+ 1.27 
-
-0.94 
+0.14 
+ 0.41 
-0.14 
-0.07 
-0.32 
-0.65 
-0.16 
-0.93 
-1.31 
X S.D. 
1.58 
1.98 
2.46 
2.0 
2.53 
2.54 
2.30 
1.50 
1.83 
1.94 
2.60 
2.23 
2.02 
1.630 
2.28 
1.67 
1.73 
2.028 
2.311 
2.00 
1.91 
1.71 
1.81 
1.70 
2.32 
1.89 
C.V. 
(%) 
10.72 
13.83 
15.89 
13.57 
16.37 
15.0 
14.93 
10.66 
13.8 
12.26 
19.02 
14.36 
14.02 
9.55 
14.14 
9.6 
9.92 
11.9 
13.6 
11.83 
11.46 
10.46 
10.73 
10.5 
14.7 
11.57 
Table 17: Range, mean(X) , shift i n ^ , standard deviation 
(S.D.) and coefficient of variation (C.V.) for number of 
tillers / Plant in Mi generation of Hordeum vulgare. L. 
var.K-508 and RD-2052 
Treatment 
Control 
0.10 
0.20 
EMS 0.30 
(%) 0.40 
0.50 
Pooled Mean 
0.10 
0.20 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
Control 
0.10 
0.20 
EMS 0.30 
(%) 0.40 
0.50 
Pooled Mean 
0.10 
0.20 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
Rang 
6-10 
8-12 
8-14 
8-15 
8-14 
7-14 
8-14 
8-15 
6-15 
6-15 
5-13 
9-15 
8-15 
9-16 
8-17 
9-17 
7-17 
8-17 
8-16 
8-16 
8-17 
7-17 
X i S . E . 
Var. k-508 
8.2 ± 0.41 
10.20 ± 0.64 
11.50 ± 0.63 
11.20± 0.72 
l l . l O i 0.72 
10.00 ± 0.97 
10 .80± 0.73 
10.90± 0.60 
11.10 ± 0.67 
10.25 ± 0.02 
9.40 ± 0.83 
9.30 ± 0 . 8 5 
10.19 ± 0.75 
Shift in X 
-
+ 2.00 
+ 3.30 
+ 3.00 
+ 2.90 
+ 1.80 
+ 2.70 
+ 2.90 
+ 2.05 
+ 1.20 
+ 1.10 
Var. RD.-2052 
11.2 ± 0.64 
12.2 ± 0.78 
12.3 ± 0.84 
11.4 ± 0.94 
11.8 ± 0.97 
11.6 ± 0.94 
11 .86 ± 0 . 8 9 
12.40 ± 0.92 
12.50 ± 0.96 
12.10 ± 0.93 
11.00 ± 0.97 
11.1 ± 0 . 9 8 
11.82 ± 0 . 9 5 
-
+ 1.00 
+ 1.10 
+ 0.20 
+ 0.60 
+ 0.40 
+ 1.20 
+ 1.30 
+ 0.90 
- 0 . 2 0 
- 0 . 1 
S.D. 
1.32 
2.04 
2.01 
2.29 
2.28 
3.09 
2.60 
1.91 
2.13 
2.61 
2.63 
2.71 
2.39 
2.04 
2.49 
2.66 
2.98 
3.08 
2.98 
2.83 
2.91 
3.06 
2.96 
3.09 
3.10 
3 .02 
C.V. ( % ) 
16.09 
20.00 
17.47 
20.44 
20.54 
30.90 
2 5 . 0 8 
17.52 
19.18 
25.40 
28.00 
29.10 
2 3 . 8 4 
18.20 
20.40 
21.62 
26.14 
26.10 
25.68 
2 3 . 9 8 
23.46 
24.48 
24.46 
28.09 
27.92 
25 .51 
Table 18: Range, mean(A^}, shift inX, standard deviation 
(S.D.) and coefficient of variation (C.V.) for length of spike 
in Ml generation of Hordeum vulgare. L. 
Treatment 
Control 
0.10 
0.20 
EMS (%) 0.30 
0.40 
0.50 
Pooled Mean 
0.10 
0.2 0 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
Rang 
5 .0-
5 .2 -
5 .5 -
5 .5 -
4 . 0 -
4 . 3 -
5 . 2 -
4 . 0 -
4 . 3 -
3 . 5 -
4 . 0 -
- 7 . 5 
- 7 . 5 
- 8 0 
- 8.1 
-7 .1 
-72 
-7 .5 
- 7.1 
-7.8 
-7 .4 
•7.9 
X±S.E. 
Var. k-508 
6.36 ± 0.23 
6.61 ± 0.23 
6.73 ± 0 . 2 0 
6.84 ± 0.30 
5.43 ± 0.35 
5.82 ± 0.35 
6.28 ± 0.28 
6.82 ± 0.22 
5.96 ± .39 
6.3 ± 0.36 
5.86 ± 0.43 
6.03 ± 0.38 
6.19 ± 0.35 
Shift In X 
+0.25 
+0.37 
+0.48 
-0.93 
-0.54 
+0.46 
-0.4 
-0.06 
-0.5 
-0.33 
S.D. 
0.65 
0.74 
0.69 
0.95 
1.12 
1.13 
0 .920 
0.72 
1.25 
1.16 
1.38 
1.22 
1.140 
C.V. (o/o) 
11.75 
15.12 
13.99 
20.8 
19.48 
19.48 
17 .77 
10.59 
21.01 
18.04 
23.5 
20.29 
18 .68 
Var. RD.-2052 
Control 
0.1 
0.2 
EMS (%) 0.3 
0.4 
0.5 
Pooled Mean 
0.10 
0.20 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
5.1 -
5.2-
5 . 1 -
4.9 -
5 . 1 -
4 . 8 -
4 . 9 -
4 . 5 -
4 . 5 -
4 . 9 -
4.1 -
- 7 . 3 
- 7 . 5 
- 8 . 1 
- 8.5 
- 7 . 5 
-7 .9 
- 7.1 
-7 .8 
-7 .5 
-7 .8 
-7 .9 
6.50 ± 0.23 
6.44 ± 0 . 2 7 
6.69 ± 0.23 
7.08 ± 0.48 
6.49 ± 0.30 
6.48 ± 0.37 
6.63 ± 0 .53 
5.81 ± 0.25 
6.13 ± 0 . 2 6 
6.43 ± 0.27 
6.49 ± 0.28 
5.92 ± 0.40 
6.15 ± 0.29 
-1.0 
+0.19 
+0.58 
-0.01 
-0.02 
-0.69 
-0.37 
-0.07 
-0.01 
+0.42 
0.73 
0.88 
0.89 
1.59 
0.96 
1.17 
1.098 
0.79 
0.82 
0.87 
0.88 
1.26 
0 .924 
11.2 
13.75 
13.34 
21.54 
14.80 
21.8 
17.04 
13.66 
13.31 
13.57 
13.67 
21.45 
15 .123 
Table 19: Range, mean (X), shift in X, standard 
deviation( S.D.) and coefficient of variation (C.V.) for 
number of grains / spike in Mi generation of Hordium 
Vulgare L. var.K-508 and RD-2052 
Treatment 
Control 
0.10 
0.20 
EMS(%) 
0.30 
0.40 
0.50 
Pooled mean 
0.10 
HZ(%) °'^° 
0.30 
0.40 
0.50 
Pooled mean 
Control 
EMS (%) 0.10 
0.20 
0.30 
0.40 
0.50 
Pooled mean 
0.10 
HZ (%) 0-20 
0.30 
0.40 
0.50 
Pooled mean 
Range 
24-30 
24-31 
24-32 
22-33 
22-33 
21-33 
23-30 
22-31 
22-32 
22-33 
22-30 
25-32 
25-31 
22-34 
22-34 
23-34 
21-34 
23-32 
22-32 
23-35 
24-32 
22-30 
X ± S.E. 
Var. k-508 
26.90±0.70 
27.00±0.81 
28.10±0.92 
28.80±1.22 
26.80±1.30 
26.50±1.62 
2 7 . 3 4 ± 1 . 1 7 
26.40±0.83 
26.80±1.07 
26.70±1.27 
25.70±1.12 
26.10±1.70 
2 6 . 3 4 ± 1 . 1 8 8 
Var. RD.-2052 
28.30±0.86 
29.101±0.92 
26.60±1.13 
27.20±1.20 
26.70±1.14 
25.90±1.22 
2 7 . 1 0 ± 1 . 1 2 
27.60±0.97 
26.80±1.08 
26.30±1.22 
27.00±1.04 
26.20±1.38 
2 6 . 7 8 ± 1 . 1 3 
Shift in 
X 
+0.10 
+ 1.20 
+ 1.90 
-0.10 
-0.40 
-0.50 
-0.10 
-0.20 
-1.20 
-0.80 
+0.81 
-1.70 
-1.10 
-1.60 
-3.21 
-0.70 
-1.50 
-2.00 
-1.30 
-2.10 
S.D. 
2.23 
2.59 
2.92 
3.88 
4.13 
5.14 
3 .73 
2.63 
3.40 
3.40 
3.56 
3.72 
3 . 3 4 2 
2.75 
2.92 
3.59 
3.85 
3.62 
3.87 
3 .57 
3.09 
3.40 
3.88 
3.30 
4.36 
3.60 
C.V. 
( % ) 
8.30 
9.46 
10.40 
13.40 
15.30 
19.40 
13 .59 
9.90 
12.60 
12.70 
13.80 
14.42 
12 .68 
9.76 
10.02 
13.51 
14.16 
13.56 
14.90 
1 3 . 2 3 
11.20 
12.70 
14.70 
12.20 
16.60 
13 .40 
Table 20: Range, mean(Z) , shift i n ^ , standard deviation 
(S.D.) and coefficient of variation (C.V.) for 100-grains 
weight (g) in Mi generation of Hordeum vulgare. /.. var.K-
508 and RD-2052 
Treatment 
Control 
0.10 
0.20 
EMS(%) 0.30 
0.40 
0.50 
Pooled Mean 
0.10 
0.20 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
Control 
0.10 
0.20 
EMS(%) 0.30 
0.40 
0.50 
Pooled Mean 
0.10 
0.20 
HZ (%) 0.30 
0.40 
0.50 
Pooled Mean 
Range 
3.31 - 3.66 
3.21 - 3 . 9 1 
3.11 - 3.91 
3 . 5 4 - 3 . 9 2 
2.88 - 3.91 
2 . 8 0 - 4 . 1 0 
3 . 1 2 - 3 . 9 5 
3.11 - 3.91 
2 . 8 1 - 3 . 9 2 
2.51 - 3 . 8 1 
2 . 5 0 - 3 . 9 2 
4.55 -4.95 
4.41 - 4.99 
4.30 - 5.25 
4.45 - 5.50 
4.1 - 5.40 
3 . 9 - 5 . 5 0 
4.12 - 5.11 
3 . 9 - 5 . 1 2 
4 . 1 - 5 . 1 8 
3 . 9 - 5 . 2 0 
3.8 - 5.40 
X ± S.E. Shift in X 
Var. k-508 
3.44 ± 0.06 
3.61 ± 0.13 
3.54 ± 0 . 1 1 
3.50 ± 0 . 1 7 
3.44 ± 0.18 
3.39 ± 0.25 
3.49 ± 0 .16 
3.50 ± 0.133 
347 ± 0.144 
3.27 ± 0.197 
3.27 ± 0.205 
3.09 ± 0.266 
3.32 ± 0.19 
Var. RD.-2052 
4.71 ± 0.07 
4.73 ± 0.09 
4.83 ± 0.15 
4.64 ± 0.22 
4.64 ± 0.23 
4.58 ± .30 
4.68 ± 0.19 
4.63 ± 0.16 
4.39 ± 0.35 
4.57 ± 0.20 
4.43 ± 0.23 
4.5 ± 0.5 
4.50 ± 0 .30 
-
+ 0.17 
+ 0.10 
+ 0.06 
0.00 
- 0 . 0 5 
+ 0.06 
+ 0.03 
- 0 . 1 7 
-0 .17 
- 0 . 3 5 
1 
-
+ 0.02 
+ 0.12 
- 0 . 0 7 
- 0.07 
- 0.13 
- 0 . 0 8 
-0 .32 
- 0 . 1 4 
- 0 . 2 8 
- 0 . 2 1 
S.D. 
0.13 
0.29 
0.26 
0.38 
0.40 
0.56 
0.37 
0.29 
0.32 
0.44 
0.50 
0.59 
0 .43 
0.16 
0.21 
0.34 
0.497 
0.50 
0.68 
0.44 
0.36 
0.80 
0.45 
0.53 
0.60 
0 .548 
C.V. ( % ) 
4.02 
8.05 
7.54 
10.96 
11.63 
16.76 
10 .98 
8.50 
9.30 
13.50 
15.40 
19.20 
13 .18 
3.46 
4.57 
7.09 
10.71 
10.85 
14.84 
9.612 
7.93 
18.20 
9.90 
11.98 
13.32 
12 .26 
Table 2 1 : Range, mean {X), shift in X, standard deviation 
(S.D.) and coefficient of variation (C.V.) for yield/ plant 
(g)in Ml generation of Hordium Vulgare L. var.K-508 and 
RD-2052 
Treatment 
Control 
0.10 
0.20 
EMS (%) 0.30 
0.40 
0.50 
Pooled mean 
0.10 
0.20 
^^(°/°^ 0.30 
0.40 
0.50 
Pooled mean 
Control 
0.10 
0.20 
^ ' ^ S ™ 0.30 
0.40 
0.50 
Pooled mean 
0.10 
0.20 
HZ (%) 0-30 
0.40 
0,50 
Pooled mean 
Range 
6.40-8.80 
6.40-9.40 
6.70-10.30 
6.40-10.31 
5.50-10.20 
5.20-10.36 
6.20-9.80 
6.20-10.21 
5.50-8.90 
4.90-9.30 
4.50-9.80 
X ± S.E. I 
Var. k-508 
7.79±0.24 
8.00±0.35 
8.46±0.37 
7.79±0.416 
7.82±0.544 
7.31±0.58 
7 .91±0 .45 
7.74±0.38 
7.66±0.47 
7.40±0.39 
7.20±0.58 
7.30±0.73 
7 . 4 6 ± 0 . 5 1 
Var. RD.-2052 
4.50-8.80 6.49±0.50 
4.20-8.30 
3.90-9.60 
4.60-8.40 
4.30-9.4 
3.60-8.80 
4.10-8.60 
3.80-9.40 
4.30-9.20 
3.80-9.40 
3.80-8.60 
6.58±05.2 
7.06±0.78 
6.15±0.514 
6.47±0.64 
5.87±0.67 
6 .42±0 .62 
6.12±0.53 
6.28±0.60 
6.0±0.60 
5.98±0.62 
5.84±0.52 
6 .06±0 .57 
Shift in X 
+0.21 
+0.67 
+ 0.18 
+0.03 
-0.48 
-0.05 
-0.13 
-0.39 
-0.59 
-0.49 
-
+0.09 
+ 0.57 
-0.34 
-0.02 
-0.62 
-0.37 
-0.21 
-0.49 
-0.51 
-0.65 
S.D. 
0.78 
1.11 
1.17 
1.31 
1.72 
1.84 
1.43 
1.20 
1.51 
1.24 
1.84 
2.32 
1.622 
1.61 
1.64 
2.48 
1.62 
2.04 
2.12 
1.99 
1.68 
1.91 
1.91 
1.97 
1.64 
1.82 
C.V. 
9.98 
13.90 
13.80 
16.52 
22.02 
25.22 
18.29 
15.50 
19.70 
16.80 
25.61 
31.79 
21 .88 
24.8 
24.94 
35.20 
26.45 
31.60 
36.20 
30 .87 
27.40 
30.42 
31.80 
33.04 
28.20 
30 .17 
Table 22: Frequency of morphological variants induced by 
EMS and HZ in Mi generation of Hordiolum vulgare L. Var. 
K-508 and var. RO .2052 
Variant 
Tall culm 
Dwarf 
cuium 
Heigh 
tillering 
Leaf 
variant 
Grass 
clump 
Long 
spike 
Multiple 
Ear 
Seed 
varient 
Chlorophil 
variant 
Total 
EMS 
0.60 
0.91 
0.60 
0.30 
0.6 
0.6 
0.30 
0.6 
0.91 
5.42 
HZ 
-
0.27 
0.27 
0.55 
0.27 
0.55 
-
0.27 
1.10 
3.28 
K-508 
Total 
0.60 
1.18 
0.87 
0.85 
0.87 
1.15 
0.30 
0.87 
2.01 
8.70 
EMS 
0.29 
0.29 
0.58 
0.29 
0.87 
0.58 
-
0.58 
1.16 
4.56 
1 
HZ 
0.32 
_ 
0.32 
0.96 
0.32 
0.32 
-
0.64 
1.28 
4.48 
RD-2052 
Total 
0.61 
0.29 
0.90 
1.25 
1.19 
0.90 
-
1.22 
2.44 
9.04 
Table 23: frequency, of total morphological variants 
induced by EMS and HZ in Mi generation of Hordiolum 
vulgare L. Var. K-508 and Var. RD .2052 
_ _ _ _ _ 
Varieties 
K-508 
RD-2052 
Morphological variants 
EMS HZ 
5.42 3.28 
4.56 4.48 
8.7 
9.04 
EXPLANATION OF FIGURES 
Figs. 1-44 (all x 1000): Different types of melotic aberrations 
induced by EMS and HZ treatments in Hordeum vulgare L. (var. K-
508 and var. RD-2052) 
Plate I 
Fig. 1 PMC showing 7 perfect bivalents at diakinesis. 
(Control, var. K-508) 
Fig. 2 PMC showing 7 perfect bivalents at metaphase-I. 
(Control, var. K-508) 
Fig. 3 PMC showing seggregation of 7:7 chromosonnes at early 
anaphase-I. (Control, var. K-508) 
Fig. 4 PMC showing normal telophase-I. (Control, var. K-508 ) 
Fig. 5 PMC showing normal metaphase-II. (Control, var. K-508) 
Fig. 6 PMC showing normal anaphase-II. (Control, var. K-508) 
Fig. 7 PMC showing chromosome clumping due to stickiness at 
metaphase-I. (var. K-508, 0.40% HZ) 
Fig. 8 PMC showing one stray bivalent at metaphase-I. 
(var. K-508, 0.50% EMS) 
Fig. 9 PMC showing non-orientation at metaphase-I. 
(var. K-508, 0.40% HZ) 
Fig. 10 PMC showing 4" and 1^^ at metaphase-I. 
(var. K-508 , 0.50% EMS) 
Fig. 11 PMC showing 3" and 2^ ^ at metaphase-I. 
(var. K-508, 0.50% EMS) 
Fig. 12 PMC showing polar metaphase-I. 
(var. K-508 , 0.50% HZ) 
Plate -1 
Plate I I 
Fig. 13 PMC showing chromatin bridge at anaphase-I. 
(var. K-508, 0.50% EMS) 
Fig 14 PMC showing chromatin bridge at anaphase-I. 
(var. K-508, 0.40% HZ) 
Fig. 15 PMC showing unequal separation of chromosomes (6:8) 
at anaphase-I. (var. K-508 , 0.50% EMS) 
Fig. 16 PMC showing laggard at late anaphase-I. 
(var. K-508 , 0.50% HZ) 
Fig. 17 PMC showing polar anaphase-I. (var. K-508, 0.30% HZ) 
Fig. 18 PMC showing chromosomes in groups at anaphase-I. 
(var. K-508, 0.50% HZ) 
Fig. 19 PMC showing laggard at late anaphase-II. 
(var. K-508, 0.50% HZ) 
Fig. 20 PMC showing stickiness at metaphase-II. 
(var. K-508, 0.4% EMS) 
Fig. 21 PMC showing micronuclei at telophase-II. (var. K-508, 
0.50% EMS) 
Fig. 22 PMCs at metaphase-I showing cytomixis and migration of 
chromosomes from one cell to other through cytoplasmic 
tube. (var. K-508 0.50% HZ) 
Fig. 23 PMCs at metaphase-I showing cytomixis and migration of 
chromosomes from one cell to other through cytoplasmic 
tube. (var. K-508 0.50% EMS) 
Plate - II 
Plate III 
Fig. 24 PMC showing 7 perfect bivalents at diakines.i 
(Control, var.RD-2052) 
Fig. 25 PMC sliowing 7 perfect bivalents at metaphase.-
(Control, var.RD-2052)) 
Fig. 26 PMC showing segregation of 7:7 chromosomes at 
anaphase-I. (Control, var.RD-2052) 
Fig. 27 PMC showing normal telophase-I. (Control var.RD-2052) 
Fig. 28 PMC showing normal metaphase-II. 
(Control, var.RD-2052) 
Fig. 29 PMC showing normal anaphase-II. 
(Control, var.RD-2052) 
Fig. 30 PMC showing precocious separation at metaphase-I. 
(var.RD-2052, 0.50% HZ) 
Fig. 31 PMC showing one stray bivalent at metaphase-I. 
(var.RD-2052, 0.4% HZ) 
Fig. 32 PMC showing 3" and 2^ ^ at metaphase-I. 
(var.RD-2052, 0.30% EMS ) 
Fig. 33 PMC showing multivalent at metaphase-I. 
(var.RD-2052, 0.50% HZ) 
Fig. 34 PMC showing chromosome clumping at metaphase-I. 
(var.RD-2052, 0.50% EMS) 
Fig. 35 PMC showing non-orientation at metaphase-I. 
(var.RD-2052, 0.40%HZ) 
Plate - III 
Plate IV 
Fig. 36 PMC showing non-disjunction of a bivalent at early 
anaphase-I. (var. RD-2052, 0.50% HZ) 
Fig. 37 PMC showing laggard at anaphase-I. 
(var.RD-2052, 0.5% EMS) 
Fig. 38 PMC showing unequal separation of chromosomes (6:8) 
at anaphase-I. (var.RD-2052, 0.40% HZ) 
Fig 39 PMC showing chromatin bridge at anaphase-I. 
(var.RD-2052 , 0.50% EMS) 
Fig. 40 PMC showing non-synchronisation at metaphase-II. 
(var.RD-2052, 0.4% EMS) 
Fig.41 PMC showing precocious separation at metaphase-II. 
(var.RD-2052, 0.40% EMS) 
Fig. 42 PMC showing disturbed polarity at telophase-II. 
(var.RD-2052, 0.50% HZ) 
Fig. 43 PMCs at metaphase-I showing cytomixis and migration 
of chromosomes from one cell to other through 
cytoplasmic tube (var.RD-2052, 0.50% EMS) 
Fig. 44 PMCs at metaphase-I showing cytomixis and migration 
of bivalents from one cell to other through cytoplasmic 
tube. (var.RD-2052, 0.4% HZ) 
Plate - IV 
Figs (45 —77): Different types of morphological variations 
Induced by EMS and HZ in two varieties of 
barley {Hordeum vulgare L.) 
PLATE - V 
Fig. 45 And 46: Experimental plots at Faculty of Agricultural 
Sciences, A.M.U., Aligarh. 
PLATE - V 
PLATE-VI 
Fig. 47 Green seedling of var. K-508 ( Control). 
Fig. 48 Chlorophyll variant (albina type) var. K-508 (0.50% 
HZ) 
Fig. 49 Chlorophyll variant (albina type) var. RD2052 
(0.40% HZ) 
Fig. 50 Chlorophyll variant of (albina type) var. RD2052 
(0.50% EMS) 
PLATE - VI 
PLATE - V I I 
Fig. 51 Chlorophyll variant (chlorina type) var. RD2052 
(0.30% HZ) 
Fig. 52 Chlorophyll variant (chlorina type) var. K-508 
(0.50% EMS) 
Fig. 53 Chlorophyll variant (xantha type) var. RD2052 
(0.50% HZ) 
PLATE - VII 
PLATE-VIII 
Fig. 54 Chlorophyll variant (zebra streak) var. K-508 (0.50% 
EMS) 
Fig. 55 Chlorophyll variant (zebra streak) var. RD-2052 
(0.50% EMS) 
Fig. 56 Chlorophyll variant (white streak) var. RD-2052 
(0.30% HZ) 
Fig. 57 Chlorophyll variant (white streak) var. K-508 (0.50% 
HZ) 
PLATE - VIII 
SHI 
PLATE -IX 
Fig. 58 Variant showing grassy clump var. K-508 (0.50% HZ) 
Fig. 59 Variant showing grass clump with reduced spikes 
var. K-508 (0.4% EMS) 
Fig. 60 Variant showing grassy clump var. RD-2052 (0.50% EMS) 
Fig. 61 Variant showing grass clump with folded stem var. 
RD-2052 (0.50% HZ) 
PLATE - IX 
PLATE-X 
Fig. 62 Hordeum vulgare L. var. K-508 (control plant). 
Fig. 63 Tall variant var. K-508 (0.20% EMS). 
Fig. 64 Dwarf variant with single branch (uniculm) 
var. K-508 (0.50% HZ) 
Fig. 65 Variant showing multiple tillers var. K-508 (0.30% EMS) 
PLATE - X 
PLATE-XI 
Fig. 66 Hordeum vulgare L. var. RD-2052 (Control plant). 
Fig. 67 Variant showing multiple tillers var. RD-2052 (0.10% EMS). 
Fig. 68 Semi dwarf variant with multiple tillers var. RD-2052 
(0.30% HZ). 
Fig. 69 Dwarf variant var. RD-2052 (0.50% HZ). 
PLATE - XI 
_ • ; > . " - , 
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PLATE-XII 
Fig. 70 Multiple spike var. RD-2052 (0.20% EMS). 
Fig. 71 (a) Spike of a control plant var. K-508. 
(b) Variant showing compact spike var. RD-2052 
(0.30% HZ) 
Fig. 72 (a) Spikes of a control plant var. RD-2052. 
(b) Long spikes of a variant with more number of 
grains var. RD-2052 (0.20% EMS) 
(c) Long spikes of a variant with increased number 
of grains var. RD-2052 (0.10% HZ) 
PLATE - XII 
Plate XIII 
Fig. 73 (a) Spike of control plant var. K-508. 
(b) Long spikes of a variant with more number of 
grains K-508 (0.30% HZ) 
Fig. 74 (a) Spike of control plant var. K-508. 
(b) Long spikes of a variant var. K-508 (0.40% EMS) 
Fig. 75 (a) Spike of control plant var. K-508. 
(b) Long spikes of a variant with more number of 
grains var. K-508 (0.20% EMS) 
PLATE-XIII 
PLATE-XIV 
Fig. 76 (a) Grains of control plant var. K-508. 
(b) Small grains of a variant var. K-508 (0.4 % HZ) 
(c) Vary bold grains of variant var. K-508 (0.2% EMS). 
Fig. 77 (a) Grains of control plant var. RD-2052 
(b) Grains of a variant with black-brown markings on 
seed coat, var. RD-2052 (0.3% HZ) 
(c) Elongated bold grains of variant var. RD-2052 
(0.1 % EMS) 
PLATE - XIV 
0 * 
(a) (b) (c) 
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DISCUSSION 
DISCUSSION 
Induced mutagenesis is a significant tool to breal< through the 
limitations of variability in a short period. The present investigation 
provides a comparative account of different concentrations of EMS 
and HZ on different biological and cytomorphological parameters of 
Ml plants. Ethyl methane sulfonate (EMS) has recently received 
much attention as the most effective mutagenic agent in higher 
plants. Studies reveal that EMS and HZ are effective mutagens and 
has been used to induce genetic variability in a number of crop 
plants. The frequency and spectrum of aberrations observed during 
the present investigation clearly showed that EMS and HZ are very 
potent mutagens for induction of variation in Hordeum vulgare L. 
The results also showed co-linearity between the duration of 
treatment and the percentage of chromosomal anomalies. 
Generally, the criteria such as germination, injury, lethality, 
sterility and chromosomal aberrations are used to assess the 
superiority of mutagens and desirability of mutants/genotypes. 
(Reddy eta/., 1992, Kharakwal, 1998. Kumar and Ral, 2007) 
5.1 Biological damage 
In the present investigation seed germination, seedling height 
and plant survival decrease with increasing mutagenic treatments. 
However based on the extent of damage it was found that caused 
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var. K-508 was more sensitive than the var. RD-2052. The adverse 
effect of physical and chemical mutagens on various biological 
parameters have been reported by many workers (Sharma, 1970, 
Khalatker and Bhatia, 1975, Bhat et a/.,2006a, Rehman and 
Siddlqui,1998, Nilan et a/.,1968) and most of these workers have 
observed a dose dependent reduction of the above mentioned 
parameters. Sharma and Swaminathan (1969) in barley attributed 
reduction in germination to change metabolic condition of cells. 
Kleinhofs etal., (1978) in barley reported a delay in the initiation of 
metabolism following germination, resulting in uniform delay in 
mitotic activity, seedling growth, and ATP and DNA synthesis. 
Reduction in seed germination in mutagen treated populations 
has been explained due to delay or inhibition in physiological and 
biological processes necessary for seed germination which includes 
enzyme activity, hormonal imbalance (Chrispeeds and Varner, 
1976) and inhibition of meiotic process (Ananthaswamy et a/., 
1971). 
The percentage of seedling survival was decreased with 
increase in doses of mutagens. Several causes for reduction in the 
seedling survival were suggested. According to Sato and Gaul 
(1987) the reduction in seedling survival is attributed to cytogenetic 
damage and physiological disturbances. 
The biological damage was more at higher doses of mutagens. 
The greater sensitivity at higher mutagenic level has been 
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attributed to various factors sucli as ciianges in the metabolic 
activity of the cells (Natarajan and Shivashanker, 1965), inhibitory 
effects of mutagen (Sree Ramulu, 1972), and to disturbances of 
balance between promoters and inhibitors of growth regulators 
(Meherchandani, 1975). The mutagen may also cause disturbances 
in genetical and physiological activities leading to the death of the 
cells. 
Pollen fertility is an index of meiotic behavior of chromosomes. 
Greater the chromosomal abnormalities greater will be the pollen 
sterility. In the present investigation, pollen fertility decreased with 
the increase in concentrations of both the mutagens in both 
varieties. Similar decrease in pollen fertility was reported earlier by 
Khalatkar and Bhatia 1974, Kumar and Singh (2003) in barley, 
Krishna et ai, (1984) in Rhodes grass, Anis and Wani (1997) in 
Trigonella foenum-graecum, Jayabalan and Rao (1987) in 
Lycopersicon esculentum, Khan et al,.(2004) in Cicer arietinum, 
Bhat et ai, (2005a) in Vida faba, and Kumar and Rai (2005, 2007) 
in Glycine max and Zea mays,. According to Reddy and Rao (1982) 
the pollen sterility was the result of inter changes of segments 
between non-homologous chromosomes and considered that the 
presence of laggards, univalents, micronudei and stickiness were 
closely associated with pollen sterility. 
Inhibition of seedling growth after treatment of seeds is a 
convenient technique for studying effects of physical and chemical 
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mutagens in plants. Different reports are available to explain the 
reduction in seedling growth. Gray and Scholes (1951), Lea (1955) 
and Rehman and Siddiqui (1998) suggested that it could be due to 
genetic injury in meristematic cells. The more damaged cells would 
produce only a few cell progeny and growth will recur from those 
cells which are least damaged genetically. Thoday (1951) and Evans 
and Sparrow (1961) opined that the chromosomal damage and /or 
inhibition of cell division were the chief causes of reduced seedling 
growth, whereas, Goud and Nayar (1968) demonstrated that the 
depression in seedling growth may be due to inhibition of auxin 
synthesis. Another group of workers believed that inhibition of 
seedling growth may be due to slow rate of cell division, decreased 
amylase activity and increased peroxidase activities (Rao and Rao, 
1983; Subba Rao, 1988). 
5.2 Cytological studies. 
The degree of cytological aberrations in either mitosis or 
meiosis is regarded as one of the dependable criteria for estimating 
the effect of a mutagen. Mutagen induced anomalies of the 
chromosome is the primary basis of genetic change. Therefore, 
investigations on the mechanism of chromosome breakage, type of 
aberrations, and their genetic consequences form an integral part of 
most of the mutation studies (Zeerak, 1992). Cytogenetical 
investigation is one of the best-documented experimental proofs for 
the elucidation of the mode of speciation on different groups of 
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plants (Zohary, 1984). Enhancement in the frequency of meiotic 
chromosomal anomalies is wide and it included a high proportion of 
stickiness and cytomlxis and moderate frequency of laggards and 
multivalents. EMS induced chromosomal stickiness has also been 
reported by Kumar and Singh (2002) in Hordeum vulgare L. It 
implies that the chemical mutagen may have brought some 
alterations in the pattern of organization of chromosomes. Similar 
results were also found by Kumar and Rai (2005), and Sharma and 
Kumar (2003). 
(i) Univalents: 
Univalents may originate from an absence of crossing over at 
pachytene or from synaptic mutants (Kumar and Rai, 2007) 
According to Singh (2002) the occurrence of univalents at meiotic 
metaphase I is due to failure of chromosoms to cross over and form 
chiasmata after initial pairing at zygotene. Thus, a post pachytene 
separation of chromosomes occurs, leading to univalents at 
diakinesis/ metaphase I. Ehrenberg (1949) proposed that basically 
it involves a change in the protiolitic enzymes which in turn may 
interfere with normal process of crossing over. Mitra and Bhowmik 
(1996) reported that non-pairing and early separation of 
chromosomes at meiosis may result in the formation of univalents. 
Univalents were later found as laggards at anaphase and telophase 
stages. The univalents were also reported by Kumar et al. (2003) in 
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Lens culinaris, Shah and Datta (2002) in Nigella sativa, Singh 
(2002) in Hordium vulgare L. 
(ii) Multivalents 
Different types of multivalent associations (trivalents, 
tetravalents, pentavalents) were observed in present investigation 
and have been reported in various plant like tomato (Gill et al., 
1980), barley (Kumar and Singh, 2003). Vicia faba (Bhat et al., 
2006b) and cotton (Sheidai and Koobaz, 2003). Alterations in 
chromosomal associations, which composed of uni, tr i, tetra and 
multivalents were possibly the outcome of non or irregular pairing 
of chromosomes due to translocation (Katiyar, 1978). The formation 
of multivalents may be possible outcome of exchange between non-
homologous chromosomes due to translocations. 
(Hi) Stickiness: 
Stickiness of chromosomes was the most common 
abnormality observed during the present investigation. 
Chromosomes were clumped into one, two or many groups due to 
stickiness at metaphase causing difficulty in normal disjunction of 
chromosomes. These result were in agreement with Katiyar 
(1978a), Mitra and Bhowmik (1996), in Negella sativa, Kumar et al., 
(2003), Kumar and Singh (2002) in barley, Bhat et al (2006a) in 
Vicia faba, and Ganai et al., (2005) in chick pea, who also reported 
stickiness as most common abnormality and the grouping of 
different bivaients due to stickiness. Stickiness could be due to 
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depolymerisation of nucleic acid caused by mutagenic treatments or 
due to partial dissociation of the nudeoproteins and alteration in 
their pattern of organization (Evans, 1962). Jayabalan and Rao 
(1987) suggested that stickiness might be due to disturbances in 
the cytochemically balanced reaction. 
(vi) Stray bivalent: 
Stray bivalent may be due to improper spindle function or 
absence of correct spindle attachment, due to which the bivalent 
unable to arrange at equator during metaphase I. stray bivalent 
have also been observed by Bhatef a/., (2007). 
(v) Precocious movement: 
Precocious movement of chromosome at metaphase I was the 
dominant abnormality at all the mutagenic concentrations. 
Precocious movement was also observed by Kumar et al (2003) in 
lentil, Kumar and Rai (2007) in maize, Pagliarini (1990) in Aptenia 
cordifolia, and Kumar and singh (2003) in barley etc. According to 
them, it is caused by spindle disfunction. According to Kumar and 
Rai (2007) precocious chromosome migration to the poles may 
have resulted from univalent chromosomes at the end of prophase I 
or precocious chiasma terminalization at diakinesis or metaphase I. 
(vi) Non-orientation of bivalents: 
Non-orientation and scattering of chromosomes at metaphase 
I was observed in the present investigation which may be due to 
either the inhibition of spindle formation or the destruction of 
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spindle fibers (Kumar and Rai, 2007). Nonorientation of 
chromosomes at metaphase I sometimes leads to unequal 
separation at anaphase I. 
(vii) Unequal separation: 
Unequal separation of chromosomes (6:8) as observed in the 
present investigation, may be due failure of chromosomes to reach 
their poles: Sinha and Godward (1972) attributed to unequal 
distribution to the occurrence of multivalents and failure of 
chromosomes to segregate equally. This may be due to spindle 
disfunction caused by mutagens. (Nerkar, 1977, Singh et aL, 1989, 
Gover and Virk, 1986 and Mitra and Bhowmik,1996). According to 
Kumar and Singh (2003) random movement of univalents to 
anyone of the poles leads to the unequal separation of 
chromosomes. Stickiness of the chromosomes may also result in 
the unequal distribution of chromosome in the daughter nuclei (Anis 
and Wani, 1997). It was also reported by Sharma and Kumar 
(2004), Ganai eta/., (2005) and Abbasi and Anis (2002). 
(viii) Non-synchronization: 
Non-synchronus movement of chromosomes at metaphase II 
was also observed by Kumar et al (2003) in lentil and Bhat et al 
(2005b) in Vicia faba L. Non synchronization may be due to severe 
disturbance in spindle mechanism (Minija etal., 1999). 
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(ix) Laggards: 
Laggards may be explained on the basis of abnormal spindle 
formation and chromosomal breakage. The laggards observed 
during the present study might be due to delayed terminalisation, 
stickiness of chromosome ends or because of failure of 
chromosomal movement (Jayabalan and Rao, 1987b bhat et 
a/.,2005a). Laggards were also observed by Kumar and Singh 
(2003) in barley, Kumar and Rai (2007) in Maize, and Bhat et al., 
(2005b and 2007a) in Vicia faba. According to Bhattacharjee 
(1953), acentric fragments or laggards may result in the formation 
of micronudei at telophase II and ultimately variation in number 
and size of pollen grains resulting from a mother cell. 
(x) Bridge: 
Bridge with or without fragments were observed in many 
other plants like cotton (Sheidai and Koobaz, 2003), maize (Kumar 
and Rai, 2007), Fenugreak (Abbasi and Anis, 2002), Soyabean 
(Kumar and Rai, 2005) and in barley (Gaul, 1964). Saylar and 
Smith (1966) suggested that the formation of chromatin bridges 
might be due to the failure of chiasmata in bivalent to terminate 
and chromosome get stretched between the poles. Bhattacharjee 
(1953) attributed bridge formation to interlocking of bivalent 
chromosomes. Bridges aften break as the dyads move further a part 
in the late anaphase, sometime leaving an acentric fragment in the 
cytoplasm. The presence of chromosome bridges without fragments 
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may be due to restitution or the fragment getting entangled or 
attached with normal chromatids of chromosomes (Tarar and 
Dayansagar 1980). In the present study, bridge formation may be 
attributed to the general stickiness of chromosomes at^mefapbasp, 
stage or breakage and reunion of chromosomes. /^ C V i ' S ' ^ ' ^ N ^ '^' 
I > | Acc^ N'. \. ' 
(xi) Micronuclei: \\^\ y. 
Micronulei were observed in the present study at teioptTci5es-.';'x 
Micronuclei might have arisen from the fragments and lagging 
chromosomes which failed to reach to the poles and get included in 
the daughter nuclei (Kumar and Dubey, 1998b). Laxmi et a/., 
(1975) and Bhattacharjee (1953) suggested that irregular 
distribution of accentric fragments or laggards results in the 
formation of micronuclei at telophase II and ultimately variation in 
number and size of pollen grains obtained from the pollen mother 
cells. Micronuclei lead to the loss of genetic material. 
(xii) Disturbed Polarity: 
Disturbed Polarity at anaphase and telophose stages seen in 
the present case may be due to spindle disturbances. Disturbed 
polarity was also reported by Kumar and Rai (2007) in maiz Kumar 
and Singh (2003) in barley, Bhat et a\., (2006b) in Vida faba and 
Abbasi and Anis (2003) in feungreek. 
(xiii) Cytomixis: 
Chromatin transfer from cell to cell or the connection between 
cells through cytoplasmic channels revealed the occurrence of 
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cytomixis, these channels probably originated In the fornn of snnall 
projections that by elongating would touch another cell. The cell 
wall may dissolve at the point of contact forming a passage for 
chromatin or chromosome transfer (Maria et al., 1997). According 
to sheidai et al., (2006) the plasmodesmata become completely 
obstructed by the deposition of callose but in some cases they still 
persist during meiosis and increase in size, forming conspicuous 
inter-meiocyte connection or cytomictic channels that permit the 
transfer of chromosomes. 
Cytomixis has been reported by several workers in different 
plants i.e., Haroun et al., (2004) and Bhat et al., (2006d) in Vicla 
faba, Koul (1990) in Alopecurus arundinaceus. Maria de Souza and 
Pagliarini (1997) in Brassica compestris, Tyagi (2003) in Mentha 
spicata, and Varma et al (1986) in mulberry. The frequency and 
intensity of cytomixis depends on the nature of connection between 
the adjacent cells. The probable causes of cytomixis are: fixation 
effect, (Haroun 1995), formation of the cell wall during premeiotic 
division (Kamra, 1960), action of chemical agents such as colchicine 
and EMS (Sinha, 1988), changes in the biochemical process that 
involves microsprogenesis, modifying the micro-environment of 
affected anthers (Koul, 1990), effect of gamma radiation results in 
an imbalanced sterile genetic system (Amma et al., 1990). 
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5.3 Chiasma frequency: 
The results on the effects of chemical mutagens on chiasma 
frequency revealed that the mutagen caused a decrease in the 
frequency of chiasmata per PMC and per bivalent. Similar results 
were obtained by Ramulu (1971) Darlington and Cour (1953), and 
Gottschalk and Pietrini (1965). Result shows that the alteration of 
chiasma in the treated plants might be due to rapid terminalization 
of chiasmata in the bivalents (Ramulu, 1971). Decrease in chiasma 
frequency may be due to the presence of desynapsis, which lack 
chiasmata formation. Ehrenberg (1949) proposed that basically it 
involve a change in proleotic enzyme which in turn may interfere 
with normal process of crossing over. 
5.4 Morphological variation: 
The useful variability is a prerequisite for crop improvement. 
Therefore, the first step in any breeding program would be the 
search for such variability. Mutagenesis has proved to be a handy 
tool to enhance the natural mutational rate, thereby enlarging the 
genetic variability and increasing the scope for obtaining desired 
selections. The induction of promlssing micromutatlons in the 
polygenic system, controlling the quantitative characters is 
important for crop improvement. From the work already reported by 
several authors (Bhatia and Swaminathan, 1962; Gaul, 1965; 
Chaturvedi and Singh, 1980; Khan, 1984 and Sharma, 1986) 
especially in self-pollinated crops, it is quite clear that polygenic 
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mutations have resulted considerable variability in mutagen treated 
populations, In recent years, the role of mutation breeding in 
increasing the variability in quantitative characters has been proved 
beyond doubt (Mehetre et ah, 1990; Srivastava and Singh, 1993; 
Ignacimuthu and Babu, 1993; Tickoo and Chandra, 1999 and 
Solanki and Sharma, 1999). 
High yielding mutants were reported by Tickoo and Chandra 
(1999) in mungbean, Singh et al., (2000b) in urdbean and Bhat et 
a/., (2006c) in broad bean. Increase in seed weight after mutagenic 
treatment has been reported in Triticale (Sinha and Joshi, 1986); 
Lathyrus sativus (Singh and Chaturvedl, 1990) and urdbean (Singh 
et al., 2000b). Though the mutagens have remarkable possibilities 
of causing variations in plants with regards to their qualitative and 
quantitative characters by altering the genetic architecture, the 
chemical mutagens have been reported to be more potent in 
inducing point mutations than the physical ones (Sharma, 1969). 
The mean shifted in positive and negative directions for all the 
quantitative traits in the present investigation. The positive shift 
was more pronounced at the lower or intermediate doses of 
mutagens, whereas, negative shift was observed at higher doses 
except for days to flowering and maturity where reverse was true. 
In the mutagen treated populations the pooled mean values of 
different mutagens for different quantitative characters remained 
mostly unchanged, or cause a very little change because of shift in 
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both directions despite significant increase in the variance indicated 
that the mean values of these quantitative traits were not altered 
by and large at greater extent in both the varieties. Shift in mean 
values in both positive and negative directions after mutagenic 
treatments has been reported by many workers (Abdalla and 
Hussein, 1977; Sinha and Joshi, 1986; Mehetre et al., 1990; 
Waghmare and Mehra, 2000 and Singh et a/., 2000b). Most 
quantitative characters have a complex genetic determination 
involving large number of genes interacting with one another. 
Consequently variation in both directions is expected 
Plant height is an important morphological character directly 
linked with the productive potential of plant in terms of grain yield. 
In the present investigation plant height was significantly reduced 
at higher doses of mutagenic treatment but some of the plants at 
lower doses responded positively to the mutagen and recorded a 
slight increase in plant height, (Kumar and Rai, 2005,2007 and 
Sakin, 2002).. According to Kumar and Rai (2007) an increase in 
plant height may be due to the mutation in major or minor genes. 
Increase in plant height might be attributed to the increase in 
internode length since the number of internode is greatly influenced 
by the genetic make up of the plant. 
Number of total tillers per plant is an important character, 
which ensures higher yield. In the present investigation, pooled 
mean values of number of tillers increased incomprasion to 
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respective controls. Crop yield is a complex character depending 
upon a large number of environmental, morphological and 
physiological characters Alam et a/.,(2007). Yield parameters i.e., 
grains per spike, length per spike, 100-seed weight and yield per 
plant reveal that low concentrations of mutagenic treatments had 
very little or no inhibitory effect on yield component related to 
productive stage of barley. Generally number of grains per spike, 
length per spike ,100-seed weight, and yield per plant showed a 
negative co-relationship with the mutagenic concentrations. Similar 
results were obtained in soybean (Kumar and Rai 2005), in wheat 
(Khalil et al., 1985) and in barley (Khan et a/., 2003). 
Variant were isolated from the populations treated with 
mutagens (EMS and HZ) in both the varieties. The variants having 
more tillers were highly vigorous in growth, having more number of 
branches as compared to control. These variants were also studied 
by Chand et ai, (2008), Sakin (2002). Some variants showed 
broad, thick, small, long, and more number of leaves etc., the 
number of leaf was directly linked with number of tillers. The 
variant generally included long spikes, multiple ears (Swaminathan 
1962) small & bold seeds, these variants showed increase in the 
total yield per plant. Multiple spikes were found in very low 
frequency only in case of EMS treated population in the var. K-508. 
Short Internodes varients were also obtained by Hayashi et a/., 
(1983) and Takahashi et a/.,(1971) . 
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In the present study chlorophyll variant i.e., albina, xantha, 
chlorina, zebra strip, and white streaks were observed. Higher rate 
of wider spectrum of chlorophyll mutations resulting from EMS 
treatment as compared to HZ must be related to the genetic 
architecture of the chlorophyll apparatus on the one hand and 
specificity of action of EMS on the genetic material on the other 
hand. According to Swaminathan (1962) the location of the genes 
relating to the chlorophyll development in the proximal segments 
and the high susceptibility of such regions to EMS action may 
perhaps be factor involved in the induction of a large number of 
chlorophyll mutation in EMS treated material even in Mi generation. 
Chlorina seedlings showed yellowish-white initially, but green 
pigments develop near the leaf tip within one week. Green 
pigmentation is not as intense as in normal seedlings. Chlorina type 
chlorophil mutants were also observed in X-ray induced barley 
population by Falk and Kasha (1983), Jain (1966.) and Tuleen 
(1968.). 
The findings of the present investigation suggest that lower 
mutagenic concentrations have a direct stimulatory effect on some 
yield related characters. However, the higher concentrations of 
mutagens showed inhibitory effect. 
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^/ui^M^~ 6 
SUMMARY AND 
CONCLUSION 
SUMMARY AND CONCLUSIONS 
Genetic variations among genotypes and relationship between 
major yield contributing traits/characters are of vital importance to 
the breeding programs that aim to produce important cultivars in 
crop like barley. In the present study, attempts have been made to 
explore the possibilities of Inducing alterations in the genotype to 
enhance genetic variability and increase the yield potential of 
Hordium vulgare L var. K-508 and RD-2052 through the use of 
chemical mutagens. The main objectives of the present study are 
given below: 
1. To study the effect of chemical mutagens (EMS and HZ) on 
various biological parameters in Mi generation 
2. To study the effect of chemical mutagens i.e. EMS and HZ on 
the meiotic behaviour of chromosomes in Mi generation 
3. To study the effect of mutagens (EMS and HZ) on quantitative 
characters in Mi generation. 
4. To compare the mutagenic sensitivity of genotypes of two 
varieties of barley, i.e. K-508 and RD-2052. 
The important findings are summarized below: 
1. It was found that the Increasing concentrations of both 
mutagens had the decreasing effect on the germination in both 
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varieties. Similar results were obtained in case of seedling 
survival and pollen fertility. 
2. The lower concentrations of EMS showed the stimulatory effect 
on the seedling height both varieties but higher concentration 
of both the mutagen showed inhibitory effect. 
3. Meiosis was normal in control plants (2n=14) of both the 
varieties. The plants obtained from the treated seeds showed 
various type and degrees of meiotic abnormalities in both the 
varieties. A dose depended increase in meiotic irregularities 
was observed in mutagenic treated plants. 
4. The frequency of chromosomal aberrations was maximum at 
metaphase stages followed by anaphase and telophase stages 
in both varieties. 
5. The chiasma frequency showed more reduction in HZ than EMS 
treatments in both varieties. 
6. Days to heading and days to maturity showed both positive and 
negative shifting in mean values. The lower and intermediate 
concentrations of mutagens showed earliness for both the 
characters but the higher concentrations of both mutagens 
showed delaying effect on days to heading and days to 
maturity. 
7. The plant height decreased as compared to the control with the 
increasing concentrations of both mutagens except some lower 
concentrations which showed stimulatory effects. 
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8. The mean values of number of tillers showed positive shifting 
in almost all the treated populations except 0.40% and 0.50% 
HZ which showed negative shift in mean in the var. RD-2052 
9. The pooled mean values of number of leaves per plant showed 
decrease in comparison to control except in EMS treated 
population in var. K-508 where a considerable increase in mean 
values was obtained. Similar observation was recorded in case 
of flag leaf length. 
10. The pooled mean values of number of seed per plant treated 
population showed decreased as compare to control except in 
EMS treated population in var. K-508 where increase in mean 
values was obtained. Similar observation was recorded in case 
of 100-seed weight and yield per plant in both the varieties. 
11. Some viable and non viable morphological variants like tall and 
dwarf plants, multiple tillering, leaf variability, multiple ear, 
bold seeds, grassy clump and chlorophyll variants were isolated 
in Ml generation. 
12. The coefficient of variability was higher in treated populations 
than control. 
13. Lower concentrations of mutagens were found to be effective in 
inducing more variations in both the varieties of barley. More 
morphological varients were obtained in var. RD-2052 than 
var.K-508. 
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The frequency and spectrum of meiotic aberrations observed 
during the present investigation clearly displayed that EMS and 
HZ are very potent mutagens for creating the genetic 
variablities in two varieties of Hordium vulgare L. The results 
also showed a co-linear relationship between the 
concentrations of mutagens and the percentage of 
chromosomal anomalies. 
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